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SUMMARY

Densified Refuse-Derived Fuel (dRDF) is manufactured by ex-
tracting a fraction of urban wastes or refuse that possesses the majority
of the fuel value to b- cund in th:, rav. imaterial. This beneficiated
fraction is densified or conpressed into small dense pellets for the pur-
pose of substituting them for coal which is used to produce steam in
spreader stoker boilers. The U.S. Air Force is conducting a multi-
year evaluation of nitri-s and problems Lesulting from the use of this
renewable, alternative fuel resource. This report examines a number
of facets of the e'.,aiuattve prograrn and oiers recomnmendations for im-
proving the utility and value of this fuel resource for military and
civilian purposes.

The technologies that have be-c- ued to manufacture dRDF have
been reviewed both to report their experiences and to examine possible
ways in which the manufPct.urin process may be improved. Specific
technical and economic concerns associated with the manufacturing
process have been discussed.

Past and present experiences with the handling and firing char-
acteristics of dRDF at Wright-Patterson Air Force Base and in other
!)ca tions have been reviewed and discussed. Recommendations are

offered for improving specific troublesome attributes of the current

supply of dRDF.

One requirement for more effective and less costly use of dRDF
10% 'A,'right-Patterson Air Force Base is :he development of a local fuel

nanufacturing capability. Options for achieving this goal are discussed
and the optira-um approach for achieving both Air Force goals and local

community waste disposal requirements is recommended.

A number of specific research needs and programs are intro-
duced as Research Briefs. Program costs and desired results are
e,'tirrated. Areas considered include both improvements of the char-
lcteristics and L;liity of the existinc, dRDF formulation, as well as the
advantages prornised by a substantially different formulation. The
roiost pertinent literature concernirng texperience with dRDF is presented
in a series of briefs which stress both useful results and weaknesses in
terms ,)f the Air Force evaluation. Several literature briefs are
includcd t, pr,,vi It echn,_ '-I .io rt !,, principal recommendations and
to cr,,pna.;z>e spccil_. cescoal It l. t:0 '

The principal reconrtendations of the report are:

T- -,-Ii . -st s;: in the shortest possible time,



an integrated test of a local fuel formulation production facility and an
Air Force boiler must be conducted.

2. The local fuel formulation and production facility should be
privately owned. Existing dRDF formulations should be revised to in-
clude coal, beneficiated urban wastes, and other under -utilized fuel
resources. The management of the local fuel production facility must
have a vested interest in actively supporting additional evaluations of
various dRDF formulations to achieve the production of a premium
spreader stoker boiler fuel. (Fuel use criteria are presented in the
report to provide initial direction for this effort.)

3. The Air Force should automate control and operation of one
boiler so that minimum time and expense will be incurred in evaluating
various fuel formulas. This same instrumentation may be used to
assure optimum operation and minimum fuel use by all boilers support-
ing the base.

4. Given existing financial circumstances, cost sharing is most
likely to be achieved with a private company. Air Force funds for the
long term procurement of fuel may be used as the incentive for cost
sharing the evaluative process.

5. The system that seems most successful at producing a bene-
ficiated refuse-derived fuel of a quality suitable for cIROF formulation
is owned and operated by the City of Ames, Iowa.

These recommendations, while more extensive than anticipated,
have been carefully considered by the author after weighing a large
number of factors. They are believed to offer the lowest cost, lowest

risk, shortest term approach to reducing the cost of steam production
through the use of alternative refuse-derived fuels at all U.S. Air Force
Bases.

iv
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SECTION I

i T ODUC 1iON

This report presents a :nanacement and technical overview of

long term tests and evaluations ot densified refuse -derived fuel (dRDF)

as a spreader stoker boii-r fuel. The tests are being directed by the

United States Air Force at Wright-Patterson Air Force Base in Dayton,

Ohio. Many asptV< . 'ytF producj.,n and use, both directly

associated with this pr )ie-t l nd throug h .. :ork condocted by other private

and public -raos are exr.incc froiij ,,veral points ot view.

The primary p . f 'iis report is to integrate the informa-
ton developed by others c:n,;-e injor-t -)I n being developed in this

series of tests into the most beneficial and overall cost effective "next
step' in increasing the utility of oRDY, both to the United States Air

Force in terms of a routine facility mission support capability and
facility energy security and independence during periods of domestic or

international strife, and to increasing the use of domestically produced,

rcne\kable energy rcsc.-_reL, h: giLoL ur nat.c:-
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Figure 1. Sketch of Bldg. 1240 Facilities (Not to Scale).

2



SECTION I I

DESCRI1-TIUN Of FUEL RECEIVING, STORAGE, HANDLING

AND FIRING FACILITIES AT WRIGHT -PATTERSON AIR

FORCE BASE BUILDING 1240

Fuel is delivered to Building 1"10 at Wright-Patterson AFB in

either of two ways (Figure 1). First, it may be delivered in conven-

tional coal hopper cars and, second, by any size truck. A coal

unloading facility is provid..d. Rail cars are received and unloaded in

one bay of the facility and trutcs are re- eved and unloaded in the

other. The rail car unloading facility is of conventional design with a

high ceiling, suspended t-ar sihaker, roilup doors on either end and

,:ufficient length to accon-Irouate -- o viopper cars sirriultaneously.
Underneath the tracks are crizzle, typ:i, screens with approximately

- in. openings and steep sided hoppers (i.e., 80 degree slopes or

better) which conduct fuel to belt conveyors that remove the fuel from

tie unloading facility. The truck side of the facility is similar to the

rail side but lacks rail tracks. Duplicate grizzleys and hoppers allow

ior tlie unioading oi, p , s ;ultane ous ar ol lup doors

can be used to weatherproof the unloading operation.

A concrete -1-ored fucl storage yard is provided to augment

fuel storage silos. The yard is surrounded by approximately a four

foot high concrete retaining wall with openings on one side only for the

ingress and egress of trucks, as well as the removal of coal by front

Scadet (-.r b,.1ildcozer from the fuel piles. The fuel storage area is

,r oe:ted tro;ki tbe weathe r. l .s removed from the yard by

transporting it a few yards to a grizzley screen and hopper located out-

side, adjacent to the truck and rail car unloading facility. Fuel may

be delivered to the storage yard (nly by truck.

Fuel, unloaded either frui)o rail car or truck in the receiving

facility or removed from the storage yard, is conveyed by belt con-

";'vrs to le o( Pir eul Ct r , Io . Fuel, added to the silo from
the tnp, freefalls to the fuel surface and is removed at the base of the

siln. The silos are approximately 30 feet in diameter and 70 feet in

,e ight. Fuel is li, ,o.ded. onto t sing1le horizontal conveyor located

beneath each silo; this conveyor serves all silos. Thus, blending of

fuels from one or more silos is possible. The storage silos have
tni l j j T' 1i hig" 1, tr "'t: \'ibritors for vibrttinp the conical

Fuel is conveytd out of the silo area to the base of an incline

nve ,r, whih -,I 1seC, it 0)VC, th( level ot the bunkers serving the

b,,ders in the ,iv h, ,- i- iei 61inkers are of older, rounded



bottom design. Fuel is removed from one of a number of slide gate
controlled outlets, aggregated on horizontal conveyors, and delivered
to a tipping bucket which controls the conveyor operation. The tipping
bucket then delivers charges of coal of pre -selected weights to a non -
segregating distribution chute and thence into the spreader mechanism
attached to the furnace and boiler.

The spreaders are conventional Detroit overthrow type and the
furnace is served by a Detroit rotograte traveling grate. The boiler is
designed to produce high temperature hot water with water leaving the
boiler at approximately 4500 F and sufficient pressure to maintain
liquid state. Due to changes in the distribution system, water is
returned to the boiler at approximately 3500. Bottom ash is collected
by pneumatic system and delivered to an ash silo. Fly ash is
collected from the base of electrostatic precipitators and normally is
delivered to the same ash silo. Ash is removed from the ash silo by
dumptruck. The silo is equipped with water sprays for suppressing
dust when ash is being unloaded into the truck.

The boiler used for testing dRDF was built in the 1950's by

B&W and, due to modifications in the steam and hot water distribution
systems, it is used primarily as a supplement to newer boilers built by
Combustion Equipment Associates. dRDF is fired only in the older
boiler.

4



SECTION ill

MODIFICA~i ,,.. ii'N,, sTORAGE, HANDLING

AND FIRING SYSTEMS TO ACCOMMODATE dRDF

The basic syste:o, r hi.,,diing ,oa. has been used for handling
dRDF and a few operatiijal proledur es 01 c ueen modified in order
to accommodate the dRDF fuel. In general, capital expenditures on

additional eju'rpr iet, .KF at the sire have been
minimal. The si -- e' cern'i,, c this u.i ht be the heav duty
vibrator a '!-i_ .. I, L tiitLi" un h equipment
is desirable for coal ren-:oal ircru ilio,, especially during periods of
intcleinent weather ,,al i %, received Viet Vibrators are
atta,-hed to Eac h of t, - .,, t ,.. . 11th.

Ooeration of toe ue, rn'ading iac liiy and s3ilos is controlled
Ry a computer. Deviations from anticipated normal oper~tion are ex-

tremely difficult to acconmplish due to the limited caa)dIluities of the
existing operational control program. For example, fuel cannot be

. ron , , , : ,, c- i. ".:c l . r d, even

though the mechanical czpability exists for this operation. Conse -

quently a irore vev, zu LII. "og -.s rquired or, mnore desirably, a
conplete central manual contr(A board. v ith override capability is
lee ne d.

A single bell conveyor is used to move fuel through the facility.
f in n,tlc pa-- te r] c,"c"" ,-.c'tr , t tin acilitv steaming capabilities
CILd he loSt. One remedy i-; ,sippl- replicate conveyor system;

h, wever, in view ot the ease with which belt conveyors may be spliced
and the ready ava Jahility ,f replacement 'belts in the Dayton area, a

replicate conveyor systern is not recommended.

A number of problerns in dealing with dRDF as a boiler fuel
have been encountered. Some are unique to the system, but most are

e to the , , f nin.

Severat experimcnts iave heen run in attempting to receive
dlIin l' by rot ,r !-I ,r, supipi, , %\Vrland Environmental Service.
Each of these experiments, one of which took place during the period
rf this contract, has produced less than satisfactory results. The
,-.DY gerc -rally 1,riilj es -r t.-,t i. ,}uwr , -r in such a way as to require

' - ,,r, , ". h{ . ,-. . , .. .. :,, - i tht car. Settlem ent
was o)n the order oi i5/,'- it Z5 with the creation of numerous fines
because ot the Jobtlinwg and abrasi,)n ot the material in the car. Sub-
:,sa, lbin ,riantiti,-e. i t -rn i'ce:el during the car unloading. Al-

u, i e * . - .- . , .'I1, _0rk(i i..r toai, cuat generally



does not require manpower for rail car unloading; hence, the crew is
not exposed to the high concentrations of dust. Dust protection masks
are available and are provided to crews when they unload dRDF. The
nuisance of having to assign four men to a rail carload of dRDF for

unloading purposes cannot be discounted.

The bulk of dRDF used by the facility has been delivered by
truck from Maryland. The fuel has generally arrived in good
condition. Tarpaulins are used to protect the fuel from the weather

and the trip is generally brief, a matter of a few days at most. Unload-
ing is easily facilitated because the lift bodies on the trucks allow the
dRDF to slide from the truck by gravity. Unloading inside the coal un-
loading facility creates considerable dust, but a crew is not required
during the unloading process. Alternatively, the fuel may be delivered
direct to the coal yard if insufficient storage is available elsewhere.

Storage of dRDF at the facility has proved to be the area of
greatest difficulty. Severa.X storage alternatives were explored,
because the fuel does not withstand exposed outdoor storage well. One
problem was outdoor storage, with a resulting deterioration in fuel
quality due to moisture absorption. cIRDE, when stored in piles out-
of-doors, tends to form a crust over the surface approximately six
inches deep. This crust tends to shed rainfall and preserves the
remainder of the pile in a dry condition. This phenomena is totally

dependent on the area of the pile being extremely well drained (i.e. ,
runoff moves away from tile pile, not underneath the pile). Outdoor
storage of dRDF was practiced successfully, although the dust and fine

content of the fuel was predictably increased due to deterioration of a

substantial portion of the pile (i. e., weathe ring).

A storage silo was designated and set aside for exclusive storage
of dRDF. It was found, however, that the dRDF had a bearing capacity

prior to deformation of not more than 285 pounds per square foot.

Thus, only a pile roughly 20 feet deep could be stored without bridging

and jamming the unloading chute. Therefore, the majority of the silo

could not be used for fuel storage. Consequently, the silo was pre -

dominantly used as a fuel staging area for blending and delivery to the
bunkers supplying the boiler with fuel. Dust and spillage during silo
unloading operations was severe, but personnel were not required to be

present.

Fuel storage silos normally discharge materials from the top of
the silo first. This is accomiplished by the formation of a moving
column of fuel approximately the size of the opening (two to four square
feet) at the base of the silo, which extends to the surface of the fuel
stored in the silo. Frictional forces are least on the surface fuel
particle, so a cone shaped depression is formed in the surface of the



fuel and supplies fuel to the rimoving colunin. Thus, the first fuel added
to the silo is the ';ist , u r ,n,-cc.-

Unloading of conveyors into the storage bunkers above the boilers
did create substantial imounts o dust and at least one man was required
to be on the site tow - the fi-irJ of the ounkers. Dusting in this
area was extreme tu the point \% here a potential fire and explosion
hazard could ccnceiva5l, . Q.rated.

.u. . tiv .t-v . .1.. . - .'Ine fro* t.e fuel bunkers
has proved lih !r l ,re eIti t~ haL (,Lal alone. When firing fuel

iIxtur a ( ' ' :_t.' -L2'1 unlu, ding Jf iiL tunkers
has not proved Lo be a problem. Hov. ever, when 100% dRDF firing was

.tteni,.ted, ,n;ouin I. I.-edlv more difficult (i. e.
_a , n, req irej. -. , .- ' l,, el). On ba lance, while

jams do occur .vith coal (,.specialr,, rn rin. periods _f inclement weather
or with inferior grades (.t coai), e dij(Di may 'e consitdered more diffi-
cult to handle n corvent',Lnal -coo stora,.- cc unkers, reqm.iring additional
operating personnel. Additionai 1i,c ,nirol ec;uipitcnt is probably
req'.ired in the a rea of the bunkers, ,f the current dRDF formulation is
L.O c' w),ir -ieu ; .,a ,u,:i Dt, . .i

I he iiChe , i < . - t ,) - t both blendicd dRDF and coal
Oi, drde{F al i , r . ,' 1:)Droxiinately a hundred

AIt1.0lTI FC't 's pe- i o.ir ,, . ii , t p riton, duc to changes .i
hot water usage, ia'-n roun oa'. t" to 65 million BrU's per hour

could be attained and n,rrnza' oper.-iti;ns ran 3) to 37 rillion BTU's per
., :, , ,n ' 1r cap-aac:ty could not be

. AL I i" t e-ti' 
;:

'
. 

t - a r ar nor-ially operated at design
i-.tff ng i.; re,'rii i d'a n 'i ,-(it.r T,) in-estigale th:.s particular question.

in In' mt ar ~ctht olend fsls, m iniumal clinkering was observed
ar:i could at wrtt ) -riared with the ,,peration:a imipacts of off-spec
coaL or with lunips of ,n-toel i nat orial n ,noai. in every case, the
clinkers were easy to break up by rodding, which is a normal part of

& I-, , ' r 0 ,ratt,. i l a,: ,,, ; ft" nc dR )F alou., clinkering was

,)served and ,_i :)ne ini;t tnce) ,s reltively extensive along the right
side of the boiler. However, a: pointed (;ut in a monthly status report,
,IRDF is ": : .n e, )l; . .2 c' , 0 Ilr tijustrnelt. Apparently a
worn shaft in the srpeader resili( d in a slight malalignment. This
tended to ca,,se the tiiel t, bulk ;, ,ins! the right wall as opposed to

-. .nc r .... - ,' , i. t . ... t -i. Th bulking in turn reduced
"-.. "- , r d rtductng envir-

oriment in, the fuel bed, whi,:h nia (n, ed the opporttnity for clinker
fornlat,,n. 1)uri- g nej of lhe te l-t, the w,.rn -haft became noisy
(,' ,l-v def.,-.lvt -) a,,d a.%s -- 0 ., repl eineTi . the apparent

t, -. . , i , " , .-imker kLrncitti,n and fuel bed

S- h.



management in the boiler (when firing any mix of coal and dRDF) is
within the range of normal boiler operating practice.

Emissions data fromn the boiler test is not available to this con-
tractor as of the writing of this report. However, visual observations
of on-line monitoring instruments indicate that sulfur oxides were
depressed (as expected), fuel burn-out was as good or better than with
coal alone, and particulate emissions (especially due to the low loading
of the boiler) were well within what might be considered a normal range
for the boiler.

Ash formation and management is another area of concern.
dRDF produces roughly twice as much ash per ton as the coal fired at
the facility. Coal is normally 7% to 9%/ ash and the dRDF averages at
least 151c ash content. Selecting the rather arbitrary figure of $3 per
ton for ash disposal costs, the cost of ash disposal on a ton of coal is
roughly 2Z 1/Z . dRDF, having a higher ash content, costs about 45

per ton; but, since two tons of dRDF are required to replace one ton of
coal, the actual cost on an equivalent heating value basis is 9O per
equivalent ton of coal. Ash characteristics were compatible for the

*existing pneumatic system. The clinkers that formed were soft and

easily broken apart. For the most part, the ash was relatively fine
granular material completely compatible with the pneumatic handling
system. A high load on the boiler might exacerbate the ash manage-
ment problem; however, this condition has not as yet been tested.



SECTION I%

C4GN1 i .... "i j, i .E. i,L'M I' NT AND

OPE RATIONAL PROCEDURE CHANGES

Sii Le purpose ca iOflti cy,-i ,ciio ,:aanges have been minimal to

acconmmouace dRDF. The' pr &ipaf cxi" I .dd ureolit he considered to

be the vibrator attaclied tu toCe f tI(-1i , Of tile silo designated for

dRDF s ra ,. :.r 1rt iintical to those

used exclusivejy 'nr ihe J. , e t e ,v. loau bearing
&.rength 01 t,',( , mstc . i .r v, ithout a

vibrator because cf the deformation ari the packing of the dRDF in the
Jilo when loaded to dep 1) -,7 . 0 feet. Ience, alternative

rneans were toun tor sf o - . . . , hiril ,an-, racticed during

several of the tests, was the te ;pciaiv -s vnnment of the truck unloading
area of the receiving iai)ity lor indAoor uit{.)F storage. In this area,

a,.bo1t 100 tons of dR-.F -,ocld e siored, ,% ithdrawn and delivered to the

silo, and again withorawn tor delivery io the boiler tuel bunkers. The
second expedient practiced a l Buildian 1240 wvas the .1se of a portion of the

. . .. ' ..... Ti' iire- hundred

tons of dRDF were s,,red i: his i-anner for boiler performance tests.

Tw- alterc ,,es art - ave)able lrr 1trpr ving current dRDF storing

ura,'tices. L[he nt t !.s I 1, C ii "ile AIO,\ installing several false

bottoms so that each botTon- carries approximately a rnaxirnum depth of

20 feet of rRDF. The si.,) could then be almost completely filled with
RT 4 a : ) . the." r no rr -u' - thtc A0 0 CkIt and tinloaded successively.

-t o,-t .t routua',,: ,v iil(! orobably be great due to the

:cuit £r,,tr i .. t -. t ,,. i e ase botton-is, hopper doors,
,- trols, ,ibrat.,.rz, a u tce' ,, ,,:riAg devices.

A second option for deaiing with the problem of dRDF storage is
th'e construction (I a blhed over a porton of the coal storage yard to pre-
vent major adverse impact of inclenent weather on stored dRDF. Such

• len ( Q (- . ) rl .etni ,. 7 r( 1:;tn '!-'ctural supports and a roof
• ,c ient I,, hih it) allow front enn toader a to operate and trucks to

;nload directly into the shed. T e cost of such a shed is measured in the
crra of h'sant i dVlars .,- the shed, dRDF" could be transported

directly into the bunkers for burning or into the silo for blending with
coal. An additioiai benefit t(, the use of storage sheds is the biodrying
,I 'te dRP-Y}.

An,,ther area ')t con, t rn duist ,ontrol for the dust associated
v:it.h dRDP . Ai indicated k.,,rl., r, dust during rail car unloading was

'.w )re Jn, -- ,*' .v.- Cea;t p, r ipote in the ,znloading. The

-e , 1 :,.t, ' ,. , . m .', L in the area of



the fuel bunker serving the boiler, however, is severe. Due to jam-

ming and normal unloading procedures, a person is required to be in

attendance when the fuel is being handled. In addition, dust accumu-
lation adjacent to the bunkers indicates a potential for either

spontaneous combustion or flash fire due to accidental ignition. Hence,

additional dust control is desirable.

Three basic approaches appear to be suitable. The first of
these is to install powered ventilation which removes the dust from the

bunker area and distributes it into the boiler overfire air system or to

a baghouse. This option appears to be extremely costly both in capital

and operating costs.

The second option is the mist oiling of the dRDF at such a time
as it is removed from the storage silo either for blending purposes or

for transmittal to the bunkers for dRDF alone firing. No data is avail-

able on the effect of oil sprays in suppressing dRDF dusts. However,
one might surmise that the cellulosic and fibrous nature of the dRDF

dusts would tend to make them agglomerate to and be wetted by oil
droplets, which, in turn, would make them adhere to larger particles.

Fuel jamming in the bunker might be exacerbated by the oiling, since a
sticky surface would be created on both the pellets and the smaller

particles.

The third technique which might allay the dust problem during
transfers is steam or water sprays applied in lieu of oil. The principal

advantage is the lower cost of the additive, but every pound of water
added to allay dust must be economically offset by a loss of fuel to the

boiler and potential loss of peak capacity. Under low load conditions,
this might be the most cost effective retrofit technique for dealing with

the problem.

Removing dRDF from the boiler supply bunkers (as indicated
earlier) has also been an occasional, but recurrent, problem.

Although not severe, removal of the dRDF has required more than a
normal amount of operating manpower when dRDF alone is to be fired.

If the boiler is to be committed to dRDF firing, additional equipment for

use with the bunker is desirable. Three options appear to be useful.
The first option is the addition of more vibrators or mechanical
wrappers to the bunker. The second option is to locate one or more air
blasters or air cannons near the base of the bunker which shocks, lifts

and lubricates the fuel, causing flow to begin. The third option is to

modify the shape of the bunker by inserting steel plates to create steep
sides as opposed to the existing rounded ones. The reduction in L inker
size would increase the manhours required for filling the bunker,

because its storage capacity would be proportionately less than is

presently available. The continuous firing of dRDF alone as a normal

i 0



operating procedure does not seem warranted, since blended fuel
:Icconpiishles an: 'Ie i,. t-< - rori dRDF. Hence, rmodifi -

cation of the hopper is not a primary nee( at the present time. Further
exploration of the effects of blends on the hopper discharge function
might be desirable.

A different and pree ciive approach to the resolution of the
problems described in the -)reck-dirAo pardgraphs of this section is avail-
able and deserves serious c onsideration. Each of the problems
described hcretoforc is Aic ,-,i:f A.c-, or ,more properties of dRDF as
,,resentiy forn,, uate e . -A! of t e f-ci1 l, retrofit solutions proposed for

each probiern cotd be prfer,ipt; r'i c.iiying the oRDF formulation

technique and thus improving defined undesirable properties. As this

r-rinuula nrodification apur,Y ',: -I1;)p_'ari ,t ( offer the oreatest overall

cost -benefit while not advt rsoi aJecii e ,, desirable properties of
'P.D F, it is the recn.r'de, - , even though its development

requires greater effort and slightly more time than the suggested
' ,- -on solutions.



SECTION V

USE CRITERIA FOR EVALUATION OF dROF PROPERTIES

This section represents a considerable amount of deductive and
inductive logic, informed opinion and speculation. This section does
begin to give structure and direction to considerations for future dRDF
formulation, testing and preferred results.

Philosophically, in evaluating dRDF as a manufactured or solid
synthetic boiler fuel, it would appear most desirable to make the beat
fuel possible and then to optimize boiler operations against the most
desirable characteristics of that fuel. Thus, an integrated fully
optimized system for the production of steam, hot water or electric
power should result for any specific existing or proposed facility. To
date, efforts to manufacture solid fuels have been extremely limited in
scope. dRDF has been more or less single purpose in scope, that is,
to turn garbage into a fuel minimally acceptable to stoker fired boiler
owners and operators. If one accepts the premise that a certain level
of cost must be incurred in manufacturing any quality of a solid fuel
(assuming raw materials are economically comparable), then it would
seem logical to manufacture a fuel that provides for the greatest amount
of reduction in other costs associated with the operation of a boiler.
Thus, on a relative basis, the goals of the boiler operator can more
nearly be met by a manufactured fuel rather than a mined or unimproved
fuel.

Basically, these goals may be summarized as being able to pur -

chase a less expensive fuel than that currently being used. Cost
savings may be achieved through a lower purchase price, reduced on-

site fuel processing cost, reduced emission control costs, increased
steam production capacity, or a combination of these factors. Given
these general goals of the boiler operator, the fuel manufacturer must
consider a number of criteria in formulating a premium synthetic solid
fuel. The following criteria are offered for consideration.

STRUCTURAL INTEGRITY

The structural integrity of the synthetic solid fuel is of critical
importance. Structural integrity allows the fuel to be handled in typical

coal -handling equipment which may exist or may be readily available
from manufacturers. The suppression of dust is a desirable goal in the

synthetic fuel. Dust lost to the environment represents a health hazard,
a potential explosion hazard, a fugitive emission problem and a loss of
fuel. In furnaces, it further complicates the combustion of the fuel by
increasing loadings of ash on the emission control equipment, as well as



increasin, the potential for deposition and corrosion of the boiler tubes
anai ricrea sin, thc_ Pc-)1-nt ial _"r Uk.. 2.-S a m~e to insufficijent combustion
tn-ne.

STORABILITY

The synithetic. iueil hoaio oe capable of being stored unprotected
cout -of -doors with mninimal loss in combustion qualities; i.e., it should

at least be similar to coal. Even coai degrades in the presence of the

1: cdizing and w,,ea!1iue- ' nc- lreof the environmnent when left in piles for
mn extended neriodl o-" timle. Minimcal loss of structural integrity during

_-poseu s'yr 'I _u Ucac!c;o b c InUlaLoLr ,.g prucess.

'O1MPATIBILIT.Y WITH- 1,NM 'ODIFILD G*OAL -HANDLING EQUIPMENT

Anv synthetic ,'did fuefl %w.hich is ic'- be ma rkei ed most
necessarily be compatible with esseritialiy unmiodifieca cual-handling
ectuinr dready in service. Manufacturers currently producing coal -

I!andling ejii1pnie t car' re pradiuce ihis equipm-ent miore qu,,ickliy and
proba bly at lower cost 0t.an they can orc-(luce new designs. Hence, the

11iici hllk. lb 1 ~ i . ... 'r,- a ac4 like coal

in the handling and storage procedures.

rCOX4PRE,2,TVF SF RB7NCTH

Because coal is often stored in silos and bunkers of considerable
depth, a certain minimum compressive strength must be attained by a

'hi,, conplress ve strength should probably exceed 1, 000
Tr smia re tool .vitliotit. An\ cfo ,rrnat ion c'r crumnbling of the fuel

)A RIL KS RANGE

Th711e particle size range -)f the synthetic solid fuel is a critical con-
sideration, especially when firing spreader stokers. These stokers

i-r-Je an ardoruc5 .t'1 mniction in )rder to maintain a
l~oc evel of fire and heat rolease over the entire surface of the

furna ce. At the same tirue, the stokers provide for a uniform burn-out
at -'l erd o-f the gr-ite to pre( lude release of burning fuel to the ash

niandling system with -resulting clinkering and failure of the system. A
range of particle sizes is extremely desirable so that larger ones are

, ,r- ,) ',-ha, i l ) 'he ):1,r i, m~iallcr ones, fall nearer the front,
) r I (It ~ ol .11 1:; :,11: iic:tro-~ throughout

the boiler and a uniform fuel burn-out point.

ilc( au3Qt coinbi Lu -i' 'n flr , ~ in hIe f'irn c e a nd boiler essentially
A S ~r 1 lI - T, -,I1)kII( U, tc ill .~In- tir., 11 s r 7e o i e d . Since



air moves through the grate, fuel bed and boiler at a nominal velocity
and upward direction, any particle with a settling velocity less than the
nominal air velocity will not settle on the burning fuel bed, but will be
quickly carried through regions where combustion could occur. Thus,
unburned fines or carbon loss occurs and boiler efficiency decreases.

HEAT CONTENT

The heat content of a synthetic fuel is of significance. Spreader
stokers are generally designed to accommodate certain heat contents of
various types of coal. Design firing requirements are met by adding a
number of identical spreaders to a given furnace design, depending on
the anticipated heat content of the fuel to be burned. When supplement-

ing or supplanting fossil fuels with a synthetic solid fuel, the synthetic

must fall within the spreader capacity, including safety factors designed
into the normal system; i.e. , additional spreaders cannot be easily
retrofitted on a furnace. As a result, the heat content of the synthetic
fuel should be at least sufficient to operate the boiler at design capacity,

while operating only on a synthetic fuel. For comparison, a heat con-
tent of 9, 500 to 10, 000 3TU's per pound synthetic as compared with per-
haps 13, 000 BTU's per pound coal should be adequate.

BULK DENSITY

In general, the bulk densitvr of the synthetic fuel must approach

that of coal as well as match existing feeder c apacity. Spreader feeders

are basically volumetri devices. They deliver a selected volume of
fuel or fuel space per hour regardless of the density of the fuel. If the
fuel density decreases sufficiently, it becomes physically impossible to

feed adequate fuel into the boiler to maintain desired capacity. Hence, a
reasonable estimate might be a bulk density of 70 to 80'7c that of the

original design fuel, coal. The age of the boiler in making this
determination is of significance also, because older bilers generally
included more liberal safety fact,,rs than do newer ones

SULFUR EMISSIONS

The rate of sulfur oxides emissions produced when firing the
synthetic fuel is a principal consideration. If high sulfur coal is burned,
then post-combustion sulfur control devices must be added to the system
at great cost. A manufactured synthetic solid fuel inherently provides
opportunity for suppressing sulfur emissions while preparing the fuel.
Thus, in a synthetic fuel, sulfur should be suppressed by processing and

appropriate additives to arrange for the desired rate of sulfur emissions
from the fuel within optimum economic boundaries (i.e., not fuel sulfur
content but fuel sulfur emission rate), miust be the controlling specifi-

cation.

1.t4
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the greater the expense of removing and discarding the ash. On the

other hand, an increase in this area as traded off against higher sulfur

content, better combustion characteristics, etc. , or lowering of fuel

cost could be economically advantageous. Further, the modification
of the furnace to achieve higher grate speeds than the original design

required is both inexpensive and easy to retrofit on spreader stokers.

GASIFICATION CHARACTERISTICS

The compatibility of a synthetic fuel with close -coupled gasifiers
or other types of gasifiers that may be used to supplant oil or gas fired

boilers is also of significance. As fossil fuel costs increase, synthetic

solid fuels should be capable of supplanting oil and gas on a temporary

or permanent basis through the use of close -coupled or free -standing

gasifiers. Hence, the gasification characteristics of the fuel are also

a criteria consideration.
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To achieve optimum furnace operation, air is supplied to the fuel

bed through the grate, first, in sufficient quantities to allow the bed to
burn or at least volatilize and, second, t, assure that the bed does not
reach such temperature that the ash slagging point is approached and ex-
tensive clinker formation initiated. Optimal operation of the furnace is

approached only when mininal air is supplied to maintain good burning
in the bed and sufficient couling t prevent clinkering.

Additional air for combustion added above the bed or secondary
air is equally important in that it must be added in reasonable quantities
at correct velocities and appropriate locatioins to achieve good gas mix-

ing.

Air control variables are normnally not closely monitored in the

existing boiler operation, but have sicnificint effects on the efficiency of
the overall operation both in terms Of the quantities of air used al A in the
way in which it is used. Improved air nionitoring and control could

greatly benefit test results.

Another area of interest is the use of duct work opacity meters so
that rapid responses to relative changes in particulate loading could be

measured during boiler operation in order that the boiler might be fine

tuned to minimize the amount of particulate lofted from the fuel bed.
This would also make it. possible to do relative checks between the level

of particulate emitted with different fuels without having to do expensive

particulate stack testing for every different fuel or fuel mix.

From the research point of view, the end result of improved in-
strumentation is a boiler which tnay be essentially optimized around a
given fuel with a minimum amount of trial and error effort and with a

minimum amount of stack testing, which is both cumbersome and

relatively expensive to accomplish. Detailed stack tests could be used

only when boiler operating conditions were optimum for the fuel of
interest.

An additional benefit from equipping at least one boiler at
Wright-Patterson Air Force Base with sophisticated instrumentation is
improved fuel economy on all the boilers. If the operating conditions

for one boiler can be more perfectly optimized, then all boilers can be

adjusted accordingly and assumed to follow a somewhat similar pattern
of controlled setting (i. e. , one boiler acts as the pilot facility for the

entire base). The economic return for this investment, aside from its

research value, is very direct. The base currently burns about

100, 000 tons of high quality coal a year. If an overall fuel use improve-

ment of only 1/c were achieved by increasing the control instrumentation

capabilities of a single boiler, then sorie $60, 000 a year would be saved
in fuel. Thus, the instrumentation required could be paid out in one or
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two years at the most. A fuel savings of 5% or more beyond that which
can be a cileved with i stii:i rd4c & ri srurnentat ion would appear to
be a reasonable cp~~t*.



SECTION VII

FEASIBILITY OF LOCAL dRI)F PRODUCTION

Currently dRDF is supplied to Wright-Patterson Air Force Base
by the Maryland Environmental Service's contractor, Teledyne National

Corporation. The dRDF is rvanufactured in Baltimore, Maryland and
shipped via truck about 500 miles to Wright-Patterson Air Force Base
in Dayton, Ohio. For purposes of a test, this has been a satisfactory

relationship, even though the cost of trucking fuel over such a distance
invalidates any economic incentives for burning dRDF.

A major cost savings for this source of dRDF could be achieved
by shipping the dRDF pellets from Baltimore to Wright -Patterson Air

Force Base via rail. Two experimental shipments have been made via
rail using covered hopper cars. The results of both attempts have been
very similar. The dRDF tends to settle in the rail cars during the

period of shipment, a matter of weeks due to scheduling, routing, etc.

Even though it arrives in a dry condition, it is very difficult to unload at
the fuel receiving facility at Wright-Patterson Air Force Base. A side

mounted car shaker would be of great benefit should the long distance
shipment of dRDF be considered the most viable for future efforts. The
savings in shipping costs between rail and truck would more than offset
the cost of additional car shakers. The decision, however, is not so

easily reached because of the uncertainty of the future plans of Maryland

Environmental Service (MES) for the refuse -derived fuel produced at the
Baltimore plant. Telephone conversation with senior personnel at MES
indicates that a substantial demand for the refuse -derived fuel has been
generated within the State of Maryland. Logic suggests that this pur-

chaser would receive priority over out-of-state purchasers. Hence,
MES might simply be unwilling to comply with future contract desires by

Wright-Patterson Air Force Base. In addition, the routine long dis-

tance shipment of the fuel material is vulnerable to interruption by any
number of situations. Thus, with this arrangement, dRDF may be

viewed only as an intermittently available fuel as opposed to a secure
fuel on which normal operations can be planned.

Based on the circumstances described in the preceding para-
graphs, it would appear reasonable to investigate the feasibility and de -

sirability of producing dRDF locally. Two basic management options
present themselves for accomplishing local production. The first option

is to site a dRDF production plant on Air Force property, which will be
owned and operated by the Air Force. The second option is to contract

a cooperative situation with a local community or private organization

wherein the Air Force acts as a fuel purchaser with cooperative interest
in the fuel production process.
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exercised by Montgomery County. Conversations with a Montgomery
County commissioner have indicated that their basic approach to the

problem is not to be in the position of technology development or risk
absorption. Their first motivation is to dispose of garbage in the most
economic and trouble-free manner possible. There is, however, cur-
rently a shortage of landfill space in Montgomery County and two incin-

erators designed to reduce the volume ot waste are having severe
operational difficulties due to non-compliance with air pollution codes.
The general position put forth by Montgomery County officials is,

'little interest in creating a resource recovery or technology venture to
produce dRDF." They would, however, be extremely interested in
participating by delivering wastes to a privately financed, privately
owned and operated dRDF production facility. They would pay a
reasonable and competitive tipping "f for waste disposal to such a

facility.

It is possible that a small community, such as Fairborn, Ohio,

might be willing to host such a venture, but the technical resources and
management capabilities of a town such as Fairborn are minescule com-

pared with those of Montgomery County. Hence, any expectation of

early success or continuous reliable operation would be extremely
optimistic.

Given the policy position of Montgomery County, a third option

deserves examination. The third option is to negotiate a cooperative
purchase agreement with a private venture for the production of dRDF
fuel for Air Force boilers. Wright -Patterson Air Force Base's wastes

and other local community wastes would be required to meet Wright-
Patterson Air Force Basc's fuel requirements alone. Thus, the
venture would also require an appropriate waste supply agreement with

Montgomery County.

The advantages to such an approach are significant. First, the

risk in technology development and fuel needs could be shared between
the Air Force and other potential fuel customers. Second, a larger
facility could be constructed and, therefore, a certain economy of scale

affecting overall fuel price would be achieved. Third, a private
venture would supply a dedicated management team whose vested inter-
est would make it necessary to maintain the utmost in plant reliability
and plant modernization, quality control, etc. Fourth, with a private

venture and negotiated agreements, constant fuel quality improvements
could be attained as improved definitions of Air Force boiler firing
needs were developed. Fifth, a privately financed venture would
require relatively short term low risk guarantees from the Air Force,

largely an agreement to purchase fuel of a specified q(uality in a certain
quoantPiy at a neg.,tiated pricc . 3 th, the Air Force risk would be

.imited to t!Lat of a benevolent fIel purchaser. Thos, Air Force
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SECTION V III

dRDF PRODUCTION SCENARIOS

dRDF production can be classified into two scenarios. The first

is a generalized -ornparison for suitability of existing plants or models

that could be copies in the Greater Dayton area. The second is identifi-

cation of those systems that might be considered developmental in nature

with unknown levels of technical and economic risk. 'This classification

system is very subjective, given the history of all types of resource

recovery facilities.

Seven systems may be considered as reasonably acceptable for

dRDF production. Each of these systems has at least an operating pilot

plant or is operational.

1. The first plant to be considered is the one operated by Teledyne

for the Maryland Environnental Service. This plant presently supplies

dRDF to the U.S. Air Force. The basic plant materials flow pattern

consists of a receiving area, followed by very large shredders, then a

separation process based on air classifiers, next a secondary shredding

of the fuel fraction, followed by magnetic separation of the heavy

fraction and, finally, pelletization of the beneficiated secondary

shredded fuel fraction. Pelletization is accomplished by three pelletiz-

ers, all of the ring die and roller configuration, that produce about

1 1/2 tons of dRDF each per hour. The most significant fact concern-

ing this facility is that it has been on line more or less continuously for

a number of years. The facility's economics are open to question,

since it is subsidized with funds from local, state and federal govern-

ments and the contractor operating the facility has no financial stake in

the facility or in sales of the product. The facility is very large in

capacity, on the order of 1, 200 tons of refuse input per day. The over-

whelming majority of the facility's output, that is, shredded refuse of

fluff fuel quality, is landfilled. A relatively small percentage has been

pelletized and delivered to the U.S. Air Force and others for test

purposes. Total pellet production is probably under 6, 000 tons up to

the present time. Additional development would appear to be v .rranted,

because of the relative low yield of the pelletized material vs. the total

plant throughput capability.

There are several disadvantages to an attempt to copy this

facility. First, it was built originally on a large scale and does not

appear to yield well to, scaledown procedures. Hence, only a very large

capacity plant of this type could be copied. Yet the dRDF yield from
the large plant has been almiost inconsequential. As a result of the
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general, the operating experience with ai pilot plant of the NCRR type

has not been suitably satisfactory to warrant any attempt at duplicating

the facility.

3. A third type of plant is being built in Monroe County, New York,

by Raytheon Service Corporation. This facility apparently consists of

a combination of designs including some materials separation technology

originally developed by the Bureau of Mines, air classifiers and

shredders. The facility is currently far behind schedule and is still in

shakedown, even though contract discussions began in the early 70's.

Due to this rather intermittent history, this type of facility does not

warrant further consideration until it iias a substantial amount of oper-

ating history behind it. it should be noted also that this is a very large

scale plant and probably far beyond what is required to serve Air Force

needs.

4. A fourth type of facility is the Eco-fuel developed by Combustion

Equipment Associates. This type of facility utilizes a proprietary

technology for embrittling the celiulusic fraction of municipal waste

followed by various separation steps until a combustible dust is prepar-

ed. Experiments were run on densification of the material. Only by

the use of binders could the material be densified and the experience

was generally described as unsatisfactory. Further, while the pilot

facility operated acceptably after much development effort, the full

scale facility is far in arrears and has caused unacceptable financial

strains on Combustion Equipment Associates. Given the uncertain

future of this technology at the present time, it does not warrant consid-

eration for possible development in the Greater Dayton area.

5. A fifth type of system is totally different from the others. It is

basically a wet pulverization and separation system developed by Black

Clawson in Franklin, Ohio. A pilot plant is currently available in

Franklin and pellets were prepared from this material and tested

earlier by the Air Force. Apparently, difficulties with slagging in the

furnaces were encountered with these pellets. In addition, Black

Clawson, in consortium with others, has constructed or is constructing

two major facilities in the 1, 500 to 2, 000 ton per day class. The first

of these facilities, located on Long Island, has ceased operations based

on concerns about potential toxic emissions from the stack. While the

data presented by the U.S. Environmental Protection Agency would

appear to be inconsequential in nature, that agency has not elected as

yet to label the data as such and, therefore, the question remains as to

the significance of preliminary test results. (Is the presence of toxic

materials of specific nature in the stack gases of significance and are

these materials present in any form of refuse -derived fuel?) Testing

for toxic materials is currently being undertaken at Wright -Patterson
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period by Midwest Research Institute fur tioe ',. S. Environnental

Protection Agency and the U. S. Department o-)f Lnergy. During the
period of this investigation, significant imnprovements were made in the

plant, such that the ash content uf the refuse -derived fuel produced was

reduced from 2091c to 10%, while the yield in refuse -derived fuel from
the plant was only reduced from 84"4 to 74",,c of incoming refuse, Addi-

tionally, extensive dust control system, "ere placed in the plant to

extend the life of electrick motors. A nurinber of other improvements
were made in the plant; however, of greatest interest for purposes of

this report is the fact that the net cost for producing the fuel was esti-

mated to range from approximately 314 per ton in 1976 to approximately
$11 per ton in 1978. Gross cost for fuel production was approximately

$26 per ton of refuse processed in 1978. For Air rorce purposes, if a

similar plant were built, the gross cost of $-I( per ton could be reduced

to $20 per ton (if a $12 per ton tippin fee were applied). (Assumes

50% dRDF yield and no other revenues. The cost of densification must

be added to this base cost. Densification mav range from $3 to $15 per
ton depending on whose data and opinions one wishes to subscribe.

Thus, a net cost for producing dRDF (i0 S23 to 553: per ton F. 0. B. the

plant is conceivable. A selling price .tUid addi'ionall\ include land

value, cost of fuel delivery, liability insurance, taxes, management and

marketing fees, and profit adjusted for perceived risk. Given the

increases in the cost of money, equipment and -onstruction, a delivered

price ranging from $40 to S(0 per ton may be expected.

The Ames plant produced i;,proximatcly 3 -, 000 tons of RDF fuel

per shift year, which places it in the correct, size range for Air Force

fuel purchase requirements. Should the Air Force desire to own and

operate a facility or to subsidize in an extensive manner the financing of

such a facility, the Ames model is probably the most developed and most

reliable, currently available one in the United States in the appropriate

size range. Additional study and consideration of the Ames process

design and operating experience as a model for a. local dRDF plant is

recommended.

A number of totally undeveloped design concepts deserve consid-
eration for their potential impact on dRDI production in the Montgomery

County area. These concepts fall primarily in the basic research
regime and are largely unexplored. Therefore, they have been included

in the Appendix, Research Briefs, for possible consideration or investi-
gation in the future. In view of the drastic cutbacks in federal funds to

sponsor a research in the refuse-derived fuel area, the probability of

these research projects being realized is extremely slim. Therefore,

they cannot be looked to as a possible contribution to the need for more

reliable and irnproved quality densified refuse-Aerived fuel production
processes.

2,1
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Second, to accurately evaluate various fuels for their impact on

boiler efficiency, the boiier ,peoa i )n iu u:! be a bsolutely optimized
against each fuel's performance ciharacteristics. Imnproved boiler rnon-
itoring instrumentation is a trandator reu.uireroent in a precise evalu-
ation. Additional benefits to the Air Force would be at least marginally

improved operation of all boilers, based un the control techniques

established with the test boiler.

The third need is for a local synthetic solid fuel production

facility whose fuel formulation capabilities can be integrated into a boiler
performance test program. The local fuel production facility, given the
circumstances in Montgomery County 11ndc. the needs of the Air Force,
would be owned and operated by a private creup. Wastes must be

supplied by local government, i.e., \ltgmery County and Wright-
Patterson Air Force Base. A conditi,_nal contract to supply fuel to the

Air Force must be developed with the managenent of the fuel production
plant to facilitate private financing for the venture.

Due to the need for additional fuel formulation development based
on the use criteria and an integral boiler performance test, a negotiated
agreement is probably most beneficial to the Air Force. A competitive

cost contract implies that a true and exact specification of a need can be
written. In this case, the need is general and, thus, a written compre-
hensive description is not p.ossibie at the present time. Any attempt to
specify needs would undobtedly produce an inferior quality fuel based on
a financially marginally viable venture, with no capability for responding
to changing Air Force needs as these are further defined.

The incorporation of ( oal iTnto the pellet production process
promises to achieve most, if not all, of the fuel characteristic goals im-

plied by the use criteria described heretofore. Thus, the fuel process-
ing capability that is required is one that should evolve from pure dRDF

production into an integrated dRDFI/coal pellet. This would, in turn,

reduce new boiler design requirements to those comparable to a coal-
fired facility.

In addition, an integrated fuel pr. duc t ion and boiler test program
would provide new insights into the impact of rnankufactured fuel based on
a number of materials as compared with coal only systems. For example,
fuel cost could be decreased by the incorporation of less valued materials

into the fuel niix. Typical materiais i h t include sewage sludge, munic-
ipal wastes, high sulfur cai, peal, bionmass, etc. The end product
should be a superior ftel that wolld pt rfor'n better than run -of -the -mine
or processed coal. The rse ,f these materials would contribute greatly
to the solution of probleim!s exterTi !, irmi ediate base concerns.

Realization of the petentil ,;f such a sstcrn, hwever, requires an

integrated fuel fornultion ad pr dlctin tacilitv and boiler

"U
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interest in this area include the Department of Energy (for both the
incorporation of high sulfur coal as a fuel niaterial and the use of refuse
as a fuel material) and the Environmental Protection Agency (for the
incorporation of sewage sludge as a fuel material, as well as the
suppression of sulfur emissions by fuel preparation techniquec).

The integrated fuel production and boiler test program should be
given highest support and funding priority because of the very high value
of the program results and the many cost sharing opportunities.

The end product of the test proigrain would be an optimized fuel
and boiler combination for Wright -Pa tter son Air Force Base with a
local fuel production facility capable of supplying all the fuel needs of
Wright -Patterson Air Force Base at an overall cost savings when corn -

pared with present operations. The desired results should be attained
about two years after program initiation for an overall cost of $4 million
to $5 million. This development program cost compares quite favorably
to present Wright -Patterson annual expenditures of about $5 and 1/2
million for low sulfur coal.
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specification for Air Force procurement purposes.
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APPENDIX A

INTRODUCTION

The following briefs are to supplement the principal conclusions
and recommendations and highlight specific technical questions which
may have significant economic impact on the utility of densified refuse-
derived fuels. The briefs are intended only to introduce the salient
points and desired outputs from specific investigations. They are not
prepared in sufficient detail to act as program management guides, but
rather to be used as the basis for the preparation of such guides.

The briefs have been included to overview a best-effort
description of a high payoff dRDF development program. They do not
describe all the tasks that could be required, nor are they prioritized.
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R&D COST SHARING POSSIBILITIES

When this contract effort was initiated, or.,; of the major goals
was to develop R&D program tasks to include extensive cost sharing

with other groups by the U.S. Air Force. At the start of the program,
the major budgetarv chang e- that -xodd oe sweeping through the federal
government were not recognized. Several possible sources of cost

sharing were available at that time. The first of these, and the most
important, was the U.S. Department of Energy in its Office of Energy
from Urban Waste. At -he Start of tuis particular management effort,
the Department of Enerov orc, Gram buld,,et was approximately $12 I/2

mnllion l, 0 r K) 1 f 111 d :1(U L iI ,J: 11 r ,- a rantees ior onime rcial -

ization of technologies utilizing urban waste. The situation has
,hanged dramnatically, fi-cal V9.3t2, tis program will have no funds

ror cornmnercialization purpos eL . <-!Lfl i." RKDI. Current plans
call for the 1983 budget to be zero dollars. hence, new program starts

for this group are unlikely.

A second agency which had forrt erly been extensively involved in

dRlF" and had invested several millions of dollars in R&D evaluation is
the U.S. 1nvironinentai Prutection Agency, Niuni7ipal znd Environ-
mental Research Laboratory. This group is now no longer active in
this program area. and has termiated all progran iunctions. Hence,

cost shlrine with this Qroup is not a possibility.

Other federal agencies that might have cost shared work were
the U.S. Bureau of Mines and the U.S. Department of Commerce. The
U. h', ,reau of Mlines is drcippinn all work on urban waste and

:f(crlcaliv onli; evaluated urban waste as a source of minerals. The
f.. Departnent of Commerce has never had an extensive R&D
program and has devoted its very snall budget to development of
standard methodologies for evaluating the properties of urban waste.
The future for this program is uncertain at the present time.

Other programs within the Department of Defense, directed by
the I..S. Navy or the U.S. Army. could be cost sharing candidates;
however, one would assume that these sources are already closely
allied to the U.S. Air Force program and that any possibilities for co-
.unding projec(ts have been exnlored.

The last major governmental group that might be willing to
p .r {,{pt in jo'Pt v funduei ur,,rams are the various state energy
ge nc e*. I fh,1:e ', I . -'C, t'c z peciflc for Ai:- Force bases

located within that state's borders. Hence, a case by case
prograrnatic decision as to the location of development programs would

y,.Ve t
o be rrmade in "rder to qualify for possible co-funding. Given the



general revenue climate, the prospects of co-funding through this group

look very slim, with the single exception of the Maryland Environmental

Service which, to date, has not co-funded programs with the Department

of Defense.

Thus, the historic sources of co-sponsorship of alternative

energy programs seem unavailable for future programs. Interestingly,

the economic pressures and the needs to develop these fuels both from a

secure operations point of view as well as economy of operations, have

never been greater. Natural gas prices in the Cincinnati area, for

example, increased 23% with an additional 101c expected before the end

of the fiscal year. In addition, these delivered supplies of fuel which

cannot be stored readily on base continue to be extremely susceptible to

interruption through the vagaries of the marketplace or domestic unrest.

In conclusion, while the needs for alternative approaches to fuel

resources have never been greater, the possibility of additional financial

resources beyond those generated by the Air Force look most unpromis-

ing; efforts are probably better expended at carefully planning and tailor-

ing programs and increasing managenent expertise in these areas, as

opposed to seeking cost sharing funds.

A final area that might provide effective cost sharing is with

major industries. Cost sharing would only be possible where industry

had waste it wished to dispose of in a suitable manner or wherein they

thought participation in a specific program would create new business

opportunities. In both these situations, at least a one year delay in any

project that was attempted would be required in order to create a

negotiating environment that would provide for an equitable agreement on

the part of all parties. Given the current business environment, i.e., a

downturn (best projections are another 12 to 18 months of slump) along

with very high interest rates, the possibilities for financial participation

in many R&D projects do not look promising. The one approach which

could be co-financed would be the creation of a new synthetic fuel

industry as described in the body of the report. In this, a consortium

might be organized that would assume the bulk of the program risk,

provided long term payoff mechanisms (based on demonstrated success)

were included in the agreenent. The Air Force would be required to

make double use of certain types of operational funds by using them as

an incentive to spur development. Such an approach would require

more administrative capability, but would reduce Air Force development

costs and ultimately reduce boiler operating costs at minimal risk to

the Air Force.
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CO-GRINDING BFNENFICIATED REFUSt AND COAL

Background

Considerable effort ani inerg in the processing of refuse is

consumed by th? si- e rad" -s . Several approaches have

been pursued in the past. ore 1 t1e eariest being the use of very large
hammermills for shredu-,nt ii -et re C strean . Tne suitability
of this technique has beer. : , 1:d aeauie of its undesirable proper-

,V.>- ir tio, in such a
way tha tb( .-,,'.9. u , - r atin. a nLth a-,h content

i. . - .,.. - •- i, c , . i >l i lg , has re -

duced the non -cotnbuczst',i cjr_. oe iut- fraction while reducing the
hrsepower requiie:: ,. ht uuty shredders have
-c-en used as a pfre -. . :-r,der-s have not

beer perfected wnich de.' tinifor , .- 1 3 i ypes of materials in urban

waste flows. For exal..ple, s C t . 1iCs are )arti- ularly trouble-

,- ohr pe ed h ,er i ,vv .r !iht duty design.

As fabric passes trr- ' - tti , ,:e ,1r aged b 'he shredding
- , , zeA s, a It. ; -,F'm .J -,t Pri,,esses because

',s 'Ill:" ,.ii0-1 1.- t- - - - - - - - -

A ilie re n i.' o,-,n i k c i , i.- re ,)Lorc oecn explured is

* h, . , ,, en*-rqv ,-rinhrc cievi.,, c rad jills and ball mills,

a o( n a.it h a - r in ain a:; n- ic u-i Iu I - ,e L,1 ' ,s i facilitate the
grinding of difficult to ,rina ialeriah -s . tecnnolopy, It has been

successftdlV applied, f,-r example, in the use -f large shredders for con-
., ill. : ,, .: , . t ;n, is a ,rindinp agent for

,'i. U. fabra,< ,,-i . the auLtnliobile body, resulting

o.k ,'ciu ': al eo1: f,' a 7' n. v ' i, the shredder. Based on the
:-I.. ,i: r-, ,ha, pre-mixing

.. coal and refis- is a desiriJ', stcp. [iere is a need to examine the
merits of co-r bined size reduction of beneficiated kaste and coal in
order to enhance uiensification uint operations on the combined materials.

Rod nills would seem to be an ideal choice, as they are capable of
i,,. i,- . ia'ra' i e i- o 1retiv ;(-. Tw eiv drvided parti( Ies. They should

he eqtlv effect've in th, presence of chunks of coal in mascerating and
reducing !he size of refuse. Th~ey nay further be designed so that they
reta ta, ,,r 3. n-' r ,' -ari ,f tic -, 'ho:-e portions of the beneficiated

refuse stream that are more difficult to reduce in size.

Tih pllrp)o. e of this L-r(cro et i to perform comparative explora-

tory researcn n the eltt d (' i v , a,-rindinc beneeiciatej refuse and coal
-ri ti I .a .<, ;---.rer:- [ 'ii(I oe arried ,,t using both



run-of-mine and pre -sized coal samples, as well as beneficiated refuse
as might be obtained from a trommel. Preliminary estimates of

capacity and particle size distribution of refuse and coal fractions are

required, as well as the gross effect of varying the coal/refuse ratio.

In addition, the finely divided product mixture should be evaluated for

its compatibility with densification processes. In theory, the denser,

more finely divided and uniform mixture should pelletize considerably

easier than shredded refuse alone and produce a superior pellet.
Based on the results of a preliminary program, a decision could be

made as to whether or not to develop a pilot plant facility for additional
evaluation.

Program Cost and Desired Results

The estimated cost of such a research program is approximately
$150, 000 over 12 months duration. It should yield a spectrum of data

for limited size samples indicating the comparative efficacy of rod mills,
ball mills, and possibly hammermills for grinding mixtures of bene-
ficiated refuse and coal, as well as the impact on the productivity of

conventional pellet mills.
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BALED REFIUSE AS A IMODiIFD SPREADER STOKER BOILER FEED

13a. I-g'@ m

One approach to the uis, )t densiited ref'S tS~ Is n alternative
b~rfeed! toJ ed -efu :e7 a feedstock.

In general, 2 feeder mfn -. ' \e)1j o'i roplae a w ith a feed chute

cape ble of accepting bxtlt . toie 1o , of thi i'"( e l chipper
would remove lu! nks o,'i t *e bu-i a nc- , idcast t nen to the boiler, much

i t c 1 oV± t1 i I t -1 1 ljCr feed sys -
1*ur t'It~ '-)T-rition could

k ' I, o7'-

~-oa~and tee(4

-,,I S in t " a

.-f's -p 1 - I-i!rvs tc-m, is the ease of

t r:on tOii ~I rOaI d s to r 1n k l r Tcuo , e ~ W" C ~ C-e Of bandling the
- ~ Cr~on'f using

bales- would bet. in 10 I(O),1O hu- o-;b~ red~ out -of -
inor 1to: Cw~' 1-i" beh %e,4uT eon the surface

1,1 Vt V 1')I :lt- IH .

A pproa efl

A it s ibili~ v si.;id ol ' ct~ a on ile r it ed inaterial

shoitid be prepared. lnitiaily, at paper study is envisioned in order to
examine the advintaiges and disirdvanta ces o-f this densified refuse -

'V ~ S 7oa 1-c -il nt~eiional a P-r oa chles

Lit ei a''iiu.-t.for 11)k proar m"' is $43-_, 000~ and the duration

wudbe abitsix ironths . Ulit',)t . t;i th proit-,ot is a prlninr

teas ibiiit s tudiy indicatint' w iehe ie ise of baie- a uSA boiler feedstock
offp-rs sufficient economic advantagzes to warrant experimental



PRELIMINARY TESTING OF THE IMPACT OF BOUND OXYGEN AND
MOISTURE IN FUEL ON FUEL BED TEMPERATURE AND UNDER-

FIRE AIR REQUIREM0 NTS IN .SPREADERII STOKER BOILERS

Background

As indicated in the literature brief, on a theoretical basis a
selected percentage of moisture bound in the fuel, along with the fixed
carbon and any oxygen that may be in the fuel, may be utilized to con-
tribute to a general reduction in the rate at which underfire air must be
used to control fuel bed temperature and prevent clinkering. Under re-
ducing conditions in the fuel bed, moisture present in the fuel contributes

to a water gas shift reaction so that the fixed carbon is evolved from the
fuel bed primarily as carbon monoxide yielding approximately 80 c of its

heating energy while burnine in the gaseo, us phase above the fuel bed. A
reduction in underfire air reduces the amount of particulate lofted from
the bed and, thus, the load on Ie dust control system. A potential for
slagging and deposition shuuld be reduced throughout the boiler. The
operation of the fuel bed at lower temneratures suggests increased

capability for accepting fuel whose ash tusion temperatures are lower

than those of prcniun coals.

Approacti

A stockpzle 4 f,.ie) ,4f knowNn bound moisture content will be pre -

pared to optimize ttie iieoretical 1 ininuuin ainount of underfire air that
could be required. A i)oiler will be operated on this fuel, underfire air
will be reduced to the required level, and overfire air will be corre-
spondingly adjusted down until opaiity increases. Boiler efficiency will
be measured and clinkering characteristics, if any, will be observed.
Underfire air will be marginally increased if clinkering is observed.
Operating parameters ,ni efficiency will be monitored and, thus, cost of
the boiler operation determined.

Program Cost and Desired Results

The cost for preliminary testing, assuming a fuel production
facility can be located with the capability of producing the fuel of the

desired characteristics, should be approximately $150, 000 to $175, 000
for a one to two week test. This assumnes that sufficient fuel is pre-
pared for operating the boiler approxiniately two and one-half days, or
about 50 tons of fuel for a small boiler. A longer term test would be

contingent on a supply of the desired fuel at the desired specification.
The preceding cost also assuines that the boiler is capable of being
operated in the manner desired and that only portable additional instru-
mentation is rerjuired to lose ly nionitir air flow rates in the various

,tg2



ai upply s te ns.

-6:skILIs 7!eqjuIed J ,'l Cp r fta~~r- G',n,nstratbur of

LI) lity to reduce bed teni criturcs by reducing urdcerfire air flow, and
at the same time, not, create cl inke-ino vftich would cause serious

El- T> ''.9 j~- (v lnit f-) demonstrate
tlhz*athe ov.erali boii.-jr Nfh~e can be aised several percentaae points
because of thie redchzcd re.ieetprec~ air it. the boiler. Should

,he initial experinnents be Lucesiful, a lonp termr experiment to
~~IA~~ r~ nd (A~t'~ maintenance

osts* shclH '<. 0-0t~. o'P .A. t'- ra t~n exuens E- factors



OCCUPATIONAL IILAIl !i AND SAFE'Y JM}'LICAT1ONS OF

FIRING dRDF ON A L)NI 'I ti.vf ;ASIS

Background

One of the areas that hais ro: eivo.-d little attention in all of the

dRDF testing to date is th, poto.e tiai bealth i;,i,,pications for firing dRDF.
As pointed out in this and other reports, du~ting at transfer points and
in the handling of dRDF is a severe problem with the present dRDF
formulation. The health irnplications ,,f this dust are unevaluated at the

present time. The dust is anticioated to c,ntain a certain quantity of
heavy metals and certain orgatnic boivuuds that may be of heahh signif-
icance. In addition, data pruduo ed in unpublished form by operators of
municipal incinerators ir the i.()'s ineuh0 ted that the dust was of some
health significance and that protecti,)n for those continuously exposed to
the dust was a necessity. In addition I:, this. dust from shredded

refuse has been denmonstrated to he more combustible than coal dust,
although somewhat less c ,ombustible than flour and other finely divided
organics. Several explosions in shredders )perating on municipal

refuse have been reported in thet technical literature. As a result of
these facts, an occupational safety and health preliminary scan is requir-

ed in order to begin evaluation of the dust presence in the Wright-
Patterson facilities to determine if significant impacts are created by

dRDF firing.

Approach

A preliminary scan of the area using high vol samplers and
appropriate analytical procedures is required. The preliminary scan
would collect samples close to fuel handling and operator locations over

a period of time. The samples would be analyzed for heavy metal con-
centration, known skin sensitizers and known organic carcinogens.

The test results should be interpreted by experts in the occupational
health field to determine if additional field investigations are required

and if additional dust controls are required for health reasons.

Program Cost and Anticipated Results

This preliminary investigation should require six months and
$75, 000 to accomplish. The results should provide a definition of the

severity of the occupaticual health needs associated with the use of

dRDF as presently formulated.
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HIGH LOAD RATE BOILER PERFORMANCE TESTS ON dRDF
:,LENDS AND dRDF A!,ONF:

Background

C..,ns;rr f .Th,  , frus operational modes has

taken place in the past. Thf- Fnvironner*al. Protection Agency has
sponsored tests at small l;eating plant boi ers under low load conditions
and at an industrial boiler ,inder varyine loao conditions. However,

k\ O ,r's i ,,. c Ue , .::..zt,' r ba Iiler pero, rrnance under

,. .- c %-, cha nical difficulties, lack
. r , .l''d . is iave reduced Lhe value of

data collected. As a restut, there is a need both for Air Force and in-
.,.,...ti 1 . rnoustratiwn with various

SIc nds and ur(er L - L1'a 5i;Ll (ifjiertences in

p--rfor--nance --an be (l( ,i

A "T- O

Th- hasi- appr -ach enc be r select a boiler at Wright -

-attersun Air F orce ia~c pr'aauiy un I.-ii. ding i-4d iha n6)r iaiIa
',perate-s under very 1-. vh ;n fuioad conditions, support this boiler
with appropriate iue ,ctcL r no equlplne:r so that accurate measurements

,Ian be -se.1 and -rv rr' nut boiler oerformance tests
aur,,;s several dRDF/cual blends and, hopetully, on GRD" aloae, in
order to define the end points beyond which a normal coal designed boiler
can perform on dRDF. A contractor, such as Systems Technology,

* 2 :.iKc p.~ i M oe C 
). -T .nT.0 i er s -,thers are qualified to

. , 2..1 a on11 T ."' -I'riu .". , s, onsist of the
.e 't f a .est pr, Aocci ;ind , iier firing protocol, which is

t.ieariy expiainedi to boiter operators, -o that fuel is marshalled and
tiiized in the most effective manner. An important criteria in the

:-rotocol is an adeqiate period for boiler operators to familiarize them-
-elves with the idiosyncrasies of firing dRDF/coal blends, so that boiler
nerformance is approximately maximized by the usual trial and error

V ,ch . The pr.otoc,, irust then be followed rigorously by the con-
cr K rder that meeasurements may be rnade on handling properties

,)f the fuel under high load conditions, boiler efficiency and environmental
r~ it rniI(arn. e

Program Cost and Desired Results

oxciusive of fuel costs. Anticipated duration is nine months. A techni-
cal definition of the end points for boiler performance, when using
.- ,, lPDF h enis a-4 zd rIP F ai ne, is cesired. One stions to be

! r



answered are: how much of design load can be supported on a given

blend without equipment modification; what are the environmental

impacts and performance impacts of the sustained operation in this

regime ?
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APPLICATION OF hBINDER.5 TO DE:tNSIFIED REFUSE -DERIVED
UL[L. HVLLLT,;:2S

Background

Consiller,4 1',, : ' ,ir o,: -'- ir,, the preparation of densified
refuse -derived fuel pe~et,_ ,n a production basis. Less effort has been
directed toward howk thest piellets inight ote : nstructed in a more suit-
able maruner to give them iniurved properties while decreasing or at
Ic ai. (' 0--mcifi: area that requires

2drar i 1C "--,x r ,..nt i he stabitit - and weatiier resistance of the

i et and fe%' , ;, - f th e have -,et; x mnied for their compatibility
w ith d n si:', f r,.u -y reported w,,rk in this

Pecovorv , !s -wa-te ., o, .s z; ,der and waterproofing
material. The results oi '_fis stuiy werc negative. Many other bind-
ers, sv,:h as teatirxl7,-., ,'-nst, --e and latex emulsions, may provide a
superior pellet and increase ItS N\k_.atinerprooi ciialhties to a considerable

de'cree. One of the literature briefs included herein suggests that
UXt iVG o ctau ,,. t . , rb -~r .-oa] and this
data should be readcily translatable to refuse -derived fuel. Hence, ex-

piorat(,ry x eseac. a .uc".: -2t- i ',:it, bindcri_" v'r',uld seem worth-

Approach

, .-.-  
', C ;,- ':xarv. , tnro ch solicitation to

-,-a: Ii , vih heizr rnarticular production processes
-_iq thc1 (-,ct r(a r-:ir ent .  

?.tha ns half a dozen binders or cornbin-

tins of L:inuer-. saoL,' r r,,-xre and delivered to Maryland Environ-
t-ifental Service and other dRDF suppliers (i.e., Ames, Iowa) for incor -

coration it, 0 ',) 50 ton batches 4 pellets, so that these pellets can be
cxar.iiiea on an crpiricai basis i ,r handliing ani comnbustion characteris -

tics.

Prof ra.~ ( o st and Desire; Results

]'xis . a', :ua,'ld not r,; 'ire 0 ;re than six to nine months.
Anticipated cost is $50, 000 to $100, 000 including all materials and modifi-
cation of equipment to include binders, laboratory evaluations of the
!)cie t s, "!c'.

The result of the project wonid designate a binder that would yield
a superior dRDF peklt that ',a,\ild nmininize dusting problems, allow for

east -me oultuxor -trao,. increas,- the handiinrg characteristics of
,,,'~~~~~~~~~~~~~~~~ T J,:: C, i , ,- )' . .t'~ . 4 :(tt[l



MULTI -FUEL BOILER SPECIFICATION: CRITERIA DEVELOPMENT
AND OVERSIGHT COORDINATION

Background

The desired end product from the dRDF test program, along with
several other programs currently being conducted by the Air Force, is
the development of a multi -fuel boiler specification for procurement pur -

poses for renewal of facility boiler capabilities in the future. Consider -
able data must be developed around boiler capabilities as operated
against the various fuels in order that a specification will be developed
which will encompass either all of these capabilities or as many as tech-
nically feasible. The boiler should operate efficiently and be cost
effective on any of the selected fuels, while meeting local and national
environmental performance laws.

Approach

A draft boiler specification document should be prepared based on
existing boiler specifications by those familiar both with alternative fuel
burning and normal coal firing. The document should be circulated to
boiler manufacturers for review and comment, possibly on a limited sub-
contract basis in order to assure reasonable participation. On receipt
of review comments, these comments should be reviewed and possibly
incorporated; the redrafted document should be circulated again and
reviewed by Air Force procurement specialists and alternative fuel
specialists. A final specification document should be prepared based on
all of the comments generated.

Program Cost and Desired Results

Time required is estimated at 18 to 24 months. Anticipated cost
is $150, 000 to $300, 000. A written specification suitable for procure-
ment purposes by the Air Force for obtaining a multi-fuel test boiler is
the desired product.
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INVESTIGATION OF CORRU(J;ION S'.,A, C,ING AND FOULING THAT
A AY BE 'NI FIATT, V '.' EX C 0 F I P COFIRINC 0F dRDF

Background

Ore ,i thu.: ;r ,' f .11 loiler onr-rators is the impact of

I uel characteristics on the reiiaobi.lit, jii-e and rnaintenan:e costs of boiler
.onstruction materials. . enerally, olers have been designed based on

coal specifications which have mciim Bcdlorides and, to a certain extent,

r ", .. - '..rlc ire present in dRDF and

e rirPAc t r ) r '. s ku. . Pre1rninarv : ve stipations on
,. er y L...... .. ,.......:, . :- ,,. r a ru'':, ~ i.w2ver,

data pr,) iuceu byv , r rer, :-"t: i.r,s ,i ,rroslin are (-ften m-isleading

d erroPe,)- !ye,. ' , r ,eV !t-, accelerated by

...... -r p . , f ' C term
.. :o.ii.'or .r ? -, 2 ru-' racter-stics of boiler

tubes and grares, superheater tubej, siue".lis, etc. is ,. requirement in
'-rder I-) fiiliv evailuate n . D r , >caiier operations,
future boiler design criteria and proc.ire' ent speciflcations.

Appr oa ia

Work lnitlat .,- . a vu-: :,, . ;.:,a ir of Sta:- dards should be
ivr i,.d ,nd a-eler,,t-d in ror t, oi anf corrosion tabs at strategic

locations in botilers at iright -atter. orct Base bor a minimum
period of 1Z to 18 months. These tabs should be designed in such a way
that portions may be removed ppriodically for evaluation in order to

.!t 7 : ., :r ' f rI TDF firing. Obviously,

" ' fir,d -xi e i4 iey ,,- ',r th}- ,najority of the period of time
,gt cornr: :tc, ts ore ',-i': ari in order to determine the

t.a of tre fueti .'.1 Ice :i-etaI suriak-eo. Based on 'his, and with know-
"'Ige ot the c,-rrusi-,n of various metals, recommendations may be made

I.,r specilfiec levels oi various compounds in dRDF or dRDF presently
,available ma be evaluated against corrosion control requirements in the

f,iel specification.

i- cra'r" Cost and Desired Results

l) ,) r r. -pr xim1ately S175, 000 to $100, 000

over 18 months.

S. nil:.z ,f t t, ,-I p ten ,ai of dRDF as presently con -
cc ' ; .... ,,.... , . . -ellC ' ,r i . is siould be

made. Potentiai corrosion prbo-.nis should be defined along with a
requAirernent thr ,pecilwu ievels A cmpounds in dRDF that would tend

I . .1: 1i ii hr j t r



DENSIFICATION OF RDF PRE:PARIP:D IN AMES, IOWA

Bac' ground

One of the few refuse -derived fuel plants in operation over a

period of time in the United States is located in Ames, Iowa. This plant
underwent extensive modifications and evaluation sponsored by the U.S.

Department of Energy and Environmental Protection Agency, as

described in the Literature Briefs. It presently produces a high quality,
fluff type fuel which could be supplied to densification modules. Because

it is substantially lower in ash content than other RDF's described (i.e.,
10% ash), it should produce a higher quality densified refuse-derived
fuel. Hence, an evaluation of the practical aspects of densifying this

material would be ver\V beneficial.

Approach

The project could, on a least cost basis, be carried out without

the creation of a fixed pilot plant. Several tractor trailer loads of the

fluff fuel may be procured and delivered directly to pilot plants main-

tained by pellet mill manufacturers for pelletization. The test should be

observed by those experienced in pellet production with beneficiated

refuse in order to determine the relative rate at which the pelletizer

processes this prepared material. In addition, exploratory experiments

could be undertaken to enhance the material in order to increase its rate

of pelletization. The pelletized fuel (perhaps 29 to 100 tons total) could
then be delivered to Wright-Patterson Air Force Base for short term

burn tests including a preliminary evaluation of its handling and storage

characteristics.

Program Cost and Desired Results

The overall program cost is approximately $150, 000 and the

duration is six to twelve months. The results desired are a prelimin-
ary assessment of the compatibility of the fluff produced at Ames with

densification subsystems and the quality of the fuel which is prepared.
Hence, quality related laboratory analyses of the fuel must be carried

out.
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PRELIMINARY INVESTIGATION OF THE COMPATIBILITY OF dRDF
WITH FIXED BED AND CLOSE -COUPLED GASIFIERS

Background

Many oil and gas fired boilers are in operation in both industry
and the Armed Forces. .'he cost for oil has gone up dramatically in the
last decade and the cost for gas is starting on the same rapid and ex-
treme climb. Delivered gas prices in the Cincinnati area are in excess

4a ilion BTU's an -expered to go to $10 a million BTU's within
two to three ,ears. Solid fuels, such as low sulfur coal and other
Cnt~ist, .Z ! t. ze 6 iouxicantly lower in cost than gas and
oil. However, the cost of replacing a 5uiler greatly reduces the desir-
aouility of atternpting tc use -olid fuels. Gasifiers promise to directly

f.onlert soid fu'els into adeojuate substitutes foi gas or oil with which to
fire boilers. Little investigative work has been carried out to determine
the compatibility of gasifiers with densified refuse-derived fuel pellets.
Somne preliminary work done by university researchers indicates the
approach to be extremely viable on a laboratory scale.

Approach

A suppl2 of densified refuse-derived fuel must be obtained.
Severa! versions of gasifiers, including those that are typical of the
close -coupled, moving grate type, the starved air type, and the fixed bed
multi-vessel type, should be constructed in a pilot scale. These
gasifiers should then be operated with the pellets to determine their
reliability of operation, the quality of gas supply, and heat release rates
'.ich th~e-y are capable of delivering. Their performance under varying
ixad conditions must be evaluated. Ash loadings on the boiler should be
measured to ascertain compatibility with the ash handling characteristics
of typical gas or oil fired equipment.

Program Cost and Desired Results

The program is estimated to require $250, 000 to $300, 000 and
1Z to 18 months to carry out, since pilot scale equipment will be con-
structed or purchased and operated for evaluative purposes. The final
report concerning this work should include a description of the operating
characteristics of the gasifier, relative cost of operation and its
effectiveness in following boiler load, and its compatibility with existing
gas and ,iI fired equipment. The next step in the overall acceptance of
4'as tie - . ,-D uc to con.tr,-t -i pil,,t scale unit at an existing boiler
for detailed field evaluation, assuming adequate supplies of dRDF were
available.
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APPENDIX B

LN'lRZK).DUC T.liuN

The following briefs have been provided to describe the salient

points of knowledge created by the work of others. This knowledge can

be used to give direction t,) the effori~s ol the '..S. Air Force to increase

the utility of dRDF both for specific t-iiiitary requirements and for appli-
.ation In other industrial bo ;i,r .'peratioi,. Included with each brief is

a section entitled Critical Comtments, which is intended to emphasize
perceivec '. A-rknc ,sm ix . cc. I> t K~gu;ight those

findings of greatest significance to future U.S Air Force sponsored
iRDF progr nis.

The briefs provided are not intended to be either an all encom-
passing literature search or an exhaustive summation of the information

available in each citation. The briefs provided do include the most
recent reports describing dRD- experinental programs conducted by
others. They also include data, infornation and concepts from other un-

related or parallel ivv et4gatin, .hi!, 1, be interpreted to have pro-

duced information of great importance to future Air Force dRDF programs.

The briefs are arranged in a reverse chronological order, although

all of the work was uompleced in the 1970's and nost between 1977 and

April 1981. Information from these briefs has been used as a basis for

some of the Research Briefs in Appendix A, which in turn support the
pr--c pa L recommendations of this report.
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HIGH PRESSURE COMPACTION AND BALING OF SOLID WASTE

Performing Organization: American Public Works As sociation

Sponsor: U.S. Environmental Protection Agency, Office of Solid
Waste Management Programs

Grant No. DOI1-UI-u0170

Summary

The objective of this research effort was to obtain production
scale information on the various parameters that affect the compaction
of refuse into bales which are readily handleable for long distance ship-
ping. Included in the effort was the use of an experimental press to
develop performance specifications for production scale compaction
equipment and to define the durability and utility of the bales during and
after shipment via both test mechanisms and actual transshipment by
rail car over 700 miles. Data was produced on the effect of various
refuse components on the density of the baler, the gross results of bal-
ing operations, the types of materials which could and could not be
baled satisfactorily, and the necessity of exterior strapping.

Conclusions

Mixed municipal solid waste was found to bale satisfactorily in a
range of from 1, 500 through 3, 500 psi. Increased pressures up to
6, 000 psi were tested; however, no additional benefits were noted.
Separate components of mixed waste, such as rubber tires, were found
not to bale under any circumstances. Increaaed moisture content of the
bales tended to reduce their coherence and cause rapid deterioration.
Suitable moisture contents of from 10%/ to 30% were indicated by the
results . Baled densities, depending on the compaction pressure applied,
ranged from 82 to 92 pounds per cubic foot during the compaction effort.
After springback of the bale (that is, release from the baler), densities
ranged from 52 to 65 pounds per cubic foot depending on the baling
pressure utilized. Cost for the baling operation based on 2. 9 million
cycle life for the baler was estimated at approximately 50' per ton in
1969. Experiments were run with adhesives or binders; however, these
were not found to be beneficial for the purposes of the research. Baler
capacities averaged about 200 pounds per minute. Springback of the
bales amounted to as much as 95% of the original compacted volume dur-
ing a 24 hour period. The major factors found to affect the stability of
the bales were compaction pressure, time of pressure application and
the moisture content of the waste. Exposure of the selected bales to
three weeks of outside weather during February to May (in Chicago) did
not cause appreciable structural deterioration. Spillage amounted to
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less than I% of the bale during rail haul experiments.

Critical Comments

The compaction pressures reached in the baler are equal to and
sometimes exceed those found in pellet mnills. The baler offers uni-
form compaction across the iace of the material, whereas pressure
differentials in the pelletizer probabjy eyist. Baling offers another
technique for producing large quantities of densified refuse, perhaps at
lower co:st than doe's ,e':>f  e r,' e!e v-l': r other types of densifi-
ation. Volume redui ti,.ns in th baler were as n-iuch as 15 to 1 with

,pringba&-< ciic in' tlS by , pJ2: .. i. nti LisILIeS were

acceptable for maaximum weight ship!i! , of material by truck or rail
with riin u . voliuneL.
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SYSTEMS ANALYSIS FOR THE DEVELOPMENT OF SMALL
RESOURCE RECOVERY SYSTEMS

Performing Organization: Systems Technology Corporation

Sponsor: U.S. Department of Energy, Assistant Secretary for

Conservation and Solar Energy, Office of Buildings and
Community Systems

Contract No. AC01-77CS20026

Summary

This program summarized data c(,ncerning various small scale
resource recovery systenms ranging in capacity between 50 and 250 tons
per eight hour day. They were compared for cost and efficiency on a
standardized basis in order d, dcrtify (,,npionents which required
additional R&D and which h;td The ,cretest impact un the systems' per-
formance.

Conclusions

None.

Critical Comments

No conclusions were offered in the document that were of value
to this research progran. Useful data, however, for 'he potential
fabrication of a resource recovery facility was developed and can be
selected based on a number ,,f systemis displayed. The document is ex-
tremely useful for producing comiparative cost data, although there is no
validation of the cost data or explanation of how this was generated. The
report does not identify research needs beyond the scope of existing sys-
tems; i.e., no recommendation was made for future studies.



EVALUATION OF EMISSIONS AND CONTROL TECHNOLOGY

EOR INDUSTRIAL STOKER [3lID..ERS

Performing Organization: Battelle Columbus Laboratories,

Columbus, Ohio

Sponsor: U.S. Environmental Protection Agency, Industrial
Environmental Research Laburatory, Research
Triangle Park, North Carolina 27711

Contract No. t,8022627

Summary

The report is prepareu csstittaiLy in three separate, related
sections; hence, the review and critical cornients will be organized in
a similar manner.

Phase I -Alternative Fuels Evaluation

Phase iI - Control Technology Evaluation

Phase III - Limestone/Coai Pellet Development

Phase I - Alternative Fuels Evaluation

Summary. A 200 kw (very small) stoker boiler was used
to - -aiiate characteristics of emissions from combustion of a variety of

-.!Ss, including coals that could rot be conveniently or economically
vliuated in a larger industrial system. The stoker was operated in

two modes, an underfeed mode and a spreader stoker mode.

Emissions Results. For underfeed stoker, under 10% of
the fuel nitrogen was converted to NO. For spreader stoker, between

10% and 20% was converted to NO. Coals naturally high in calcium and
sodiurn and those treated with these eiements retained significant per-

cer ages of sulfur in the ash. Retention of sulfur in the ash was as high
as 20% for coals with small amounts of calcium and sodium but signifi-

.ant amounts -f iron and sulfur. Bed temperatures in the laboratory
stoker were lower than those in an industrial stoker. Particulate load-
ings did not correlate with ash content of the coal nor of its size
cj~tributi,>n. It appeared that friability and inherent moisture content
,i the coal ma liave affecteu part ,cuiate ioadings since those properties

are influenced by the amount of fines generated.

POM loadings were dranatically lower than those reported in an
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earlier report for intermittent operation. Particle size distribution
was primarily between 15 and 30 mnicrometers.

The limestone/coal fuel pellet with a calciur/sulfur molar ratio
of 7 reduced SO 2 emissions by over 7 0",. Ev (.n at elevated bed temper-
atures greiter than 1100 C, calcium reacted with the sulfur and retained
it as a sulfide sulfate complex as part ,f the fuel ash. CO levels
generally ran between 50 and 100 ppl. The use of the coal/limestone
pellet tended to flux the ash, causinc clinkering and non-uniform bed
burning and increasing CO levels to as i!.uch as 290 ppm. In a spreader
stoker running on limestone/coa! pellets, bed temperatures were notice-
ably lower than for coal alone. Generally the bed temperature was less
than 1000 C and this resulted in hiohefr C-) enission rates.

Critical Comments. I hc principal observation is the
increase of CO emissions in the limestonte icoal pellets, which would
indicate the need for increased volatiles content in the pellet in order to
produce a hotter burning fuel that was consumed somewhat more rapidly
than the coal/limestone mixture. Additionally, the inclusion of lime-
stone would tend to suppress other acid gases that might be produced by
components in the refuse as well as reduce sulfur emissions. The corn -
bined effect would be of great importance in reducing the potential for
boiler corrosion due to the presence o)f polyvinyl plastics, etc. in the
refuse component. Also, the lower fuel bed temperatures should be
noted.

Phase II - Control Technology Evaluation

Summary. In this portion of the project, a larger 25, 000
pounds per hour spreader stoker/boiler was used for testing prepared
coal and other high sulfar content fuels. The summary results were:
-he limestone/high sulfur coal pellet showed a sulfur capture of about
75% with a calcium sulfur molar ratio of 7. High excess air rates and
overfire air proportion at low loads resulted in increased sulfur
retention in the bed ash. CO and smoke levels were controlled by pro-
viding adequate excess air. CO levels were low for all fuels tested ex-
cept the limestone/coal pellet. Clinker formation may be a limiting
factor in determining the minimum excess air rate. Clinker formation
occurred readily if the bed depths were excessive, with 6.3 to 7.6 cm
bed depths reported as optimum. High sulfur Ohio coals had to be fired
with higher excess air ratios than did the low Ohio and Kentucky coals.

Critical Comments. The principal result of this section
of the report appeared to be a reacquaintance with the operating princi-
pals of spreader stokers. Data produced was predictable, based on
historical operations of spreader stokers, except the change in overfire/
underfire air ratios.
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Ph, se Ii - i. iritsone '/Cu:) l Pei i ci Development

Sumnima ry ' t b ist ir ,o'ion ot the progra in had four
principal goals. The first goal was to develop a pellet which was suit-
able in mechanical strength t(, withstand both weathering and the
ctrise ,f indiislriai > ok-.r cai handinL. Further, it should capture
sufficient sulfur to be conpetitive wrth ther sulfur control strategies.
The second goal was to pr,..c..S variaf 'i "elected to carr y out a series
of experinrentl sltudie , in _)raer t,-) provide a cot-,pretensive under-

. 'tor f the pellet and
nie ca ,on!I' P i r- evalua tions w re Io be

iriec .I ;, .ll. Fourth,
an ec,n'n!; ,nA s co be p r -par . cevelop the peilet process

f Ias. .. r,,duced that,

, ,'rengtl. and
Srb cc r'ceriistr it .a . thoe of vu)nventional coals.

In general, pellets produ<cd 1 by aucer extrusion or pellet mili processes
,. ere stro :& r t i<in t i 4e ior, Oucec 1v di,;, peil.i g or briquetting.
Binders that orovided snre resistance to weathering were identified;

however, no binder was identified as completely weatherproof. Fixed
bed realctor experirm-ent, ._nc. ,_atec a wcii epende; < y b. wetn the
calcium/stlfur ratio and slfur capture for ratios above two. Calcium

oxide was silown to be a s,,perior obsorbent to limestone, but was not
econcmiccallV ._-o: etitjv- with the limestone. Results of process vari-
ables studies indncateuc thlat sulfur is rcitned predouinantiy as calcium
sulfate. Apparent reactions between the sulfur and limestone were
solid state processes without the interniediate formation of SO 2 . In
h l-at ,,ns, again ite rien.er or auger extruded and

-* . e?.. ! - t '-, ;" e" b tor than h. briquettes and disc agglomerated
o c; - s 'uiiur capt;ure was ab,,ut Th% at calcium sulfur molar ratios

4 * * ,la]fur capture ii. the sLean plant was lower (about 50%) and

this \as attributeo to higher burning tennperatures(i.e., in excess of
13000 C). Sulfur capture appeared to be weakly dependent on fuel bed
temperatures. Fuel pellets burned as well as low sulfur coal. The
results of the economic analysis were to produce pellets for a cost of
pnrnxinately S1- per ton above the cost of the base fuel (i.e. , high

- lfir oa!). Phis result was based on a 60 ton per hour facility.

For cost purposes, pellet composition was assumed to be 65% high sul-
-:F~r ,~1i, . Ii - t'. c: e, 27-r pr( -,::latinized cornstarch and 1% latex

e muls ion.

Cr b:; l C u, me o.The prin,-ipal value in this section
, the r ' ,rt wa ,,.K . e : .L e' , ,,l! cr cva ;,att:d in terms of

prognosticating their utilit tor pelle formnation. Approximately 80
binders were investigated and , nunmber showed considerable promise.
A binder which; -;hvws iproved characteristics beyond those tested
.ias been identificd. 61"t this 'for i, , as not released by Battelle



since they seek a proprietary position in the binder. Secondly, other
work by Battelle and reports on fireside metal wastage from firing

refuse and refuse and coal combinations have indicated a certain
suppression of sulfur emissions from the coal by the presence of
refuse. Intimate blending of refuse could reduce the requirements for
limestone and would tend to also reduce the sulfur content, suggesting
that a combined pellet would improve the combustion characteristics

as well as suppress sulfur oxide emissions from the coal without a

dramatic increase in ash content. A test of this hypothesis is extreme-
ly important as it promises to produce a way to burn refuse satisfactor-
ily, even refuse whose ash content is higher than desirable, while also
providing a market for high sulfur coals.
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A FIELD TEST USINC COAL, 'dRDF BLENDS IN SPREADER
STOKLR FIRED i OILERS

Performing Organization: S sterms Technology Corporation

S c,-nsor: Solid an! -.aVar,!is :r. te Research Division, Municipal

and Environmental. Research Laboratory, Cincinnati, Ohio

C , r ' . . . - ' - -t

!hx.- . ,0.. .. :. , r.. rolied testing of dRDF

Can be DI , bc C O \X t - Xjsrl;L envronmentai constraints?

Does G1DF hur' -ave :.ny dr;.r~Entai effects on ooiler

systens '"

3. Is dRDF an econon-ica] Substitute for coal?

f'r ,-r;,2r-' iO. ,I'i6,d t*i-w preparation of apProxilnately 300 tons

o f d D y t e Na ti o:i I f - ii ''nt t)ri ; t-,,)-c t Re _ve r y in W a shington,
D. C. During prooduction, the econo:,ic s o1 the dRDE production were to
be evaluated. NCRR's report. has been reviewed in a different brief.
B <'r ucr r: u r.e tests ere .-.t rrie<: ,it near thr fuel production site

.:ni. tit ),iler- W ; :; (I ih,. ).. r Iand Correctional Institute.

.e. Ae Cee t:o Sprr Odei stc.ker vih)ratirno crate type. A temporary
ierlii8te !uei i 'diug s )- l'>m " . .1-,1 I to in order to control the

preparation of riel ,ixes and t) inito r very (..arefully the amount of
fuel used durin, the test. In addition, the secondary fuel system was
to guarantee that the boiler plant would not be placed out of commission

due to unforeseen difficulties with the pelletized fuel. The results of
the cc'--,rn~tnne 'csis wre n.t :rribiv suirprising. The pelletized fuel

bhrneo rqediiy with severai jihrent types and grades of coal and pro-
duced steani at the desired rates. Steam load rates on the boilers were

aeo .:-aly : ; • , .o,. o" e it h,.' natur. of the source of load, i.e.,
multi--building h(:ating and food preparaticn. Most of the results were
predictable, if ome ca reful!V consiidered the properties of the fuels that

- ;in fiir !. Iin in \\,i . ils was observed and
Co r r,)i )n ) i, 1. t , , ' . .. . . - : : .-c; ,:. k ,rrosion
was noted wth the exceptIon .> a sinie specimen that was under a point
where slagging )couirred 1)w, , ise of it ialadjusted spreader. When the

p-;oreader adijuine 1 v. rre,,.ted, the slagging disappeared. The

t)ottorr) ash ,'s a, -n, ra :v nmw:- ,o .d)i ta' s\x l; ,tituted iur coal in the



fac ilit y. Similarly, ash collected by electrostatic precipitators and

normal mechanical dust collectors was generally skewed toward a

smaller particle size range. Carbon content of the fly ash captured by
emission control equipment was very high, but decreased as dRDF was

substituted fo:- the coal. Generally, the boiler efficiency was low,

about 55'c to 60%. Maximum efficiency measured on the test boiler

was 79% at an excess air rate of 34% when the boilers were new. The

boilers were operated for roost of the test period at approximately 30%

of design rating and at very high excess air rates.

In terms of environmental performance, particulate emissions

generally were somewhat decreased due to improved burn-out of the

carbon in the particulate. Particle resistivity was increased relative

to that of coal alone. Electrostatic precipitator performance was not

measured, although a test was attempted. Opacity generally decreased

as dRDF was substituted for coal. Sulfur dioxide decreased in direct

proportion to the rate of dRDF substitution. Nitrogen oxide measure-

ments showed no significant differences. Chlorine and florine emis -

sions increased. Hydrocarbons stayed approximately the same, at a

very low level. Several trace metal emission rates increased signifi-

cantly but not to a level of concern.

The fuel handling system performed reasonably well. Some in-

formation was obtained about fuel storage and it was noted that, when

exposed to the elements, the fuel degraded rapidly and severely. Hence,

covered storage appeared to be a requirement for dRDF.

Critical Comments

In general the program accomplished the goals that it set out to

achieve, i.e. , to demonstrate on a preliminary basis that dRDF could

be cofired with coal without prohibitive detrimental effects. Difficulties

with dusting of the fuel were recognized in the preliminary work.

Additionally, fuel quality was and has continued to be less than totally

desirable. Further, the economics of the dRDF production system still

remain obscure.



C().-\ ,idRD ) !v V, I IN , -., TNDIS'TrRIAL SPREADER

Performning Orua, >: , ,te,: i ruy Corporation

.1 -" K A '':isi Municipal

.. -..r ' . r . Cincinnati, Ohio

TIh.. arried out

: c MarIani . . '. "'. . i r' j',riod of

-, ca , 4'? - rs . ' ." .- . , tel' , 1,700 tons of
dRDF wereCofired A-,L il V v ':e r',is to 4 to 1, and one
,rie :oeri , ' '' :P: t o? r1 o ,rtions of the

fuel had been stured out-- or 'yore than six months and were

severely degraded in nat,,c cir .r ' . i '.Sist o.'s

Results N., ,rea. irpro.ze were discovered during the
tests in tern-s of t 01t !ert, i , neas in cnvironmental impacts
, ' 'ieS ,f" .r'r,--d in Odre t proportion to the

dilD)F substituted for Uhe a. C er ,i heavy ,.etais, including lead,
were up as dRDF \was s ibstio1ted. % sligth drop in boiler efficiency was
not-,!, no,;'ever, . s ac( reLtjt- , 'he high mroisture content of the

o .h.... : e .xl vhic;her after storage,
.1. : , hen .he pellets were first

. - u ,, :',td Is severe where the pellets

were ziu oaded ii,,: .0 K c_ 't C L r tr nfIer points. Pellet ash
contents ranged f a ' ns I. as .4% t,, ,ver 30%. M,;isture contents

ranged from) 14%l lo 1 4%. Son-e (linkering ,as nocted with the high ash
pellets that had been storeci for a iontv period of tine and, thus, were
fired as mostly fines. This nmAv have been a function of the ash content

S';r. .c t~ o...r C-'- beidir: rie, f , -ces fines in !ie fuel bed which
.' c. '' , ' . r .isrhu'n. Lower ash content and less

dee-aded pcllct' dhia no sh,.,, the clinkering effect. Pellets that were
det''rh r, toi -d,.... , r r' ,;ericls rhandling pr blems and
required constl ;;anual rddini of the fuel bunker in order to remove
various fuel 'ijendA friri t ht ,u:ker and distribute them to the boiler

Emissions frorn the rnalerials were as expected: substantially
increased chloride due to the increased chloricie content of the refuse,

d erpeasf( So,,, r nift. ant increa'st.s in metals, and no effect on NOx,
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CO or hydrocarbons. Fly ash particle size distribution range changes
went in both directions depending on the condition of the pellet being

fired. Corrosion measurements were attempted, but no evidence was

detected that corrosion would be a problem.

Critical Comments

Two areas of the test were somewhat deficient. The first of
these was the system used for metering the blend of dRDF and coal
which was adjusted on moisture contents determined on the as -received
fuel. After storage, tie moisture content of the pellets had increased
substantially. This caused a general error in the cofiring measure-

ments so that substantially less dRDF was fired than planned.

A second area of considerable experimentation difficulty was the

variability of the boiler load. The boiler being used for tests was the
boiler used exclusively to follow load variations. This gave rather

dramatic and almost continuot shifts in the load rating of plus or minus
15% to Z5% over a given avera loading, making precise data

interpretation extreme!y difficuit.

Interestingly, in spite of many difficulties, no derating of the
boiler was required even at full load or more. Boiler efficiency was
reported to be down by a few percent and might well have been adjusted
by improved air handling or improved instrumentation to follow load in
a more anticipatory manner. Overall, the test demonstrated dRDF
could be successfully utilized as a boiler fuel with certain physical

handling difficulties. Pellet integrity left much to be desired as did the
heat content. The quai.ity of the fuel could be considered acceptable,
although not necessarily desirable. The same conclusions are being

drawn at Wright-Patterson Air Force Base.
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WASTE TO ENERGY COMPENDRUM

Performing Organization: National U'enter for Resource Recovery,
Inc., Washing~ton, D.C. 20036

Sponsor: IT.S. Departcnent ct Enerov, , -4,tart S(- retary for

Conservaticio and Renewable Knergy, Office of Energy
from Municipal Waste, Washingt(.,, D.C. 20585

Cont r act No. A r~?D 01J

'The dlocumnent des. r~bce 35 :.aste to cnocrgy projects in the United

States. Included in these atre n-Lnc refustc -de-riveci fuel production
facilities, six refuse -derived fuel user facilities, two combined

production and user facilities, and 18 mass burning facilities. Only
those facilities that are operatio-r-al or in advanced stangeq of startup have
been included in this survey. Only one dRDF user is reported.

Conclusions

Based on the survey presented, the only 6RDF user presently
act~a'e in the United States or a s ignifica nt basis is the U. S. Air Force at
Wright -Patterson Air Force Blse.

Critical Comments

The docunment provides an excellent overview of the status of the
iustry as of April 1981. Ini Venerc.i, one can conclude that, if dRDF is

to be a viable energy resource ir the: United States, it. must succeed or
fail at Wright -Patterson Air Force Base.



EVALUATION OF THE AMES SOLID WASTE RECOVERY SYSTEM:
REFUSE PROCESSING PLANT AND SUSPENSION FIRED STEAM
GENERATORS

Performing Organization: Midwest Research Institute

Sponsor: City of Ames, Iowa, Department of Public Works; and
Industrial Environmental Research Laboratory, Office of

Research and Developinent, U.S. Environmental Protection
Agency, Cincinnati, Ohio 41268

Summary

The City of Ames, Iowa, constructed a refuse -derived fuel manu-
facturing system in the mid-1970's. Initial operation was plagued with
a number of difficulties including excessive ash content in the fuel product,
which contributed to unacceptable rates of wear on pneumatic conveyors
and other equipment. In addition, there were unacceptable rates of dust

generation which contributed to the premature failure of a number of
pieces of electrical equipment. During the period 1976 to 1979, modifi-

cations were made in the plant design and equipment to reduce the ash

contert of the fuel and increase the reliability and longevity of the plant.
Major improvements to the firing system included: the addition of dump

grates to the suspension fired steam generator to improve the complete-
ness of combustion of RDF and a relocation of the RDT fuel nozzles to
below the coal nozzles to reduce emissions. A grit removal system in
the form of disc screens was added to the processing plant to improve the
quality of RDF. Dist controls were added to improve the quality of RDF
and to preserve mechanical equipment in the plant, as well as improving
the worker environment. Pneumatic conveyor capacity was increased
for delivery of the RDF to the fuel user. An experimental investigation
of the application of RDF to two stoker fired boilers was also carried out.

Results. During the period of investigation and modifi-
cations ash content of the RDF was reduced from approximately 20% to
approximately 107r, while the heating value was increased by approxi-

mately 25%. During RDF suspension firing, boiler efficiency decreased
3.3% when operating at 80% load and 20% RDF heat substitution rate.

Efficiency decreased 1% at 100% load with 20%1c RDF heat input. Particu-
late emissions increased slightly in the suspension fired system, whereas
they were decreased in spreader stoker firing of the RDF when compared

with coal alone. Oxides of nitrogen and oxides of sulfur both decreased

during RDF burning, while chlorides increased. Increased emissions of
trace elements, such as zinc, copper, lead and galium were measured,
which corresponded directly to increases in the substitution of RDF for

coal. Corrosion and metal tube wastage were investigated. No

LA



corrosion or metal tube wastage was observed during the period of the
test.

Critical Comments

The report covers an extended period of time during which many
plant modifications were undertaken in order to improve operations and
the quality of the product prepared. One would deduce that, v ith con-
tinued efforts, further fuel quality improvements might be achieved, al-
though they' might not be as dr;.:yatic as th(.se achieved during the three
years which ,vere -vered by' this reort. Very useful information is
offered b, ic rer',,rt un z cciiqde s for niproving the quiaiity of RDF, as
well as insights into the costs of produci RDF using the large primary
-hredder ,';-moach. (-nthe v, suso;ect ti pre-shredding material
to relatively fine sizes were ieasible in creating a naterial of 10,C ash
co, ntent, then pre-separation of the rnaterial before shreddilnL, or with
very minimal shredding to accommodate the separation, could result in
further lowerin )f ash cwiitents of ,3 e refiise-derived fuel.
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FIELD TEST OF INDUSTRIAL STOKER GOAL FIRED BOILERS
FOR EMISSIONS CONTROL AND EFFICIENCY IMPROVEMENT,
SITE B

Performing Organization: KVB, Inc., Minneapolis, Minn. 55442

Sponsors: U.S. Department of Energy, Division of Power Systems,

Energy Technology Branch, Washington, D.C.
U.S. Environmental Protection Agency, Office of

Research and Development, Industrial and Environmental
Research Laboratory, Researcl Triangle Park, North

Carolina 27711

DOE Contract No. EF -77 -C -0l1-2609

Surr mary

The Department of Energy and the Environmental Protection Agency,
through a cooperative agreement, funded a major study by ABMA

(American Boiler Manufacturers Association) to investigate a number of
spreader stoker installations around the country operating on a variety of
coals both for boiler efficiency and emissions control capabilities. This
particulare site is typical and consisted of a single pass Riley boiler with
a Riley spreader stoker, having a continuous rating of 200, 000 pounds per
hour of steam. During the test, the boiler was operated at 185 psi and
5000 F steam, with 2250 feed water, even though it was designed to produce
7500 steam. Thus, the boiler was somewhat overde signed for its operation.

Results. During the testing, it was learned that particulate
emissions were reduced approximately 25% when the rear boiler wall over -

fire air flow was increased by 28"e. Boiler efficiency was increased
approximately 3%/ by this same overfire air flow modification. The over -
fire air accounted for Z0% to 301c of the total air introduced to the furnace
at both intermediate and high loads. "'hen fly ash injection was reduced
30%1 for a high load test, particulate emissions at the boiler outlet were

reduced by 391c. Simultaneously, boiler efficiency was reduced by 2.2%0.
Of this total loss, 1.3% or approximately hal f was represented '0y the heat-
ing value of the fly ash that was not reinjected. Particulate loading was
observed to increase with the grate or underfire air -elocity. Particulate
loading appeared to increase at a rate of about 8A for each 10% increase
in boiler load over the range tested. Nitrogen oxide emissions did not
change substantially. Carbon monoxide e miss ions were negligible.
Boiler efficiency was independent of load, but increased with decreasing
excess air at a rate of about . 6% for each 1%c of 02 reduction. Among the
four different coals tested, no particulate emission relationship was
observed because all were similar in size range and basic composition.
Similar results were observed for nitrogen oxide and carbon monoxide
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emissions, as well as for boiler efficiency changes. Multi-clone and

ESP efficiencies approximated 99. 8%.

Critical Comments

Significant data were generated to describe spreader stoker

boilers firing a variety of coals. While all of this data may not
necessarily be translatable to dRDF firing, it certainly does provide
leading insights on approaches to improved boiler performance and
efficiency. A finding of importance is the direct correlation between
boiler efficiency, emissions, and reduced underfire air. A decrease

in underfire ar -a Wright-Patterson Air Force Ba3e, along with
improved controls, would reduce the need for fly ash reinjection to
mnaintain efficiency and, thus, reduce particulate loading on the

collection system, again without sacrificing boiler efficiency.
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TECHNICAL REPORT CONCERNING DENSIFICATION AND
GASIFICATION OF REFUSE-DERIVED FUEL

Performing Organization: SPM Group, Inc., Englewood, Colorado

Sponsor: Colorado Correctional Industries, State of Coiorado

State Contract No. 650011

Summary

This report detailed experiences in preparing densified refuse -

derived fuel using the SPM Group process and densification scheme for
preparing the fuel and then for gasifying the fuel in a Forest Products,
Inc. close -coupled gas generator and firing the gases in a small boiler.

Results. The results fron', the test suggest that no major
problems were encountered in the production of the briquettes required
for the test, i.e., several hundred pounds. The fuel had a heating

value of 7, 500 BTU's per pound and an ash content of 8%. Gasification
of the briquettes was successfully carried out on the pilot scale investi-
gation and appeared capable of being scaled up.

Critical Comments

This report is presently the only one available on the SPM Group
densified refuse-derived fuel preparation system. It implies that the
system performed its functions satisfactorily in every sense of the word.

However, the scale of operations was relatively limited as was the
duration of the tests. Scale -up problems and reliability problems could
be realized if the system were expanded and if operating demands were
increased.
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DESIGN CONSIDERATIONS FOR MUNICIPAL SOLID WASTE
CONVEYORS

Performing Organization: National Center for Resource Recovery,

Washington, D.C.

Sponsors: U.S. Environmental Protection Agency, Municipal and
Environmental Research Laboratory, Grant No.
R80679091; and U.S. Air Force Engineering and Services
Laboratory, Tyndall Air Fo-ir-e ,;.se, Flor2 :la

Suviitvia r V

The ourpose :,f the rfo earc- was to (IeveloD a svstematic com-

parative evaluation technique thit wVonid apply to the desigon of conveyors
f r unicipai solid waste and its derivatives. Two !vpes of conveyors
were tested; belt convevors of varying inclination and idler angle, and
ibra ting man cnveyvrs Tbc repor* included a discus. ion of he

various materials ana operational paramneters as developed by Conveyor
Equipment Manufacturers Association and their application to municipal
solid waste and its derivatives. Pests were carried out 1D Ceallate
spillage against conveying capacity. A majority of 1he work was done
on belt , onvevors.

Results. In ueneral, the results indicated that significant
losses (ould be expected with any type of conveying system tested within
the range of conditions and parameters tested.

Perhaps the most signifi ant cionclusion was that considerably
'nore engineering evaluation was required in order to develop a convey-
or design technique for municipal solid waste and its derivatives.
Useful significant data in both the area of belt velocity and loading
capacity was presented on a co,-parative basis. However, one chart
demonstrated that even at the minimum feed rate and conveying rate on
a belt conveyor with municipal waste, spillage was on the rate of .05%
per hoir per 25 foot length. The conveyor was rated at five tons per
h-ur. Thus, in 1 24 hour period of operations, six tons of material
would be lst.

Critical Comments

Thc work is of considerablt value as a first step in evaluating
Municipal solid waste conveyors. in general, one minit ( onclude that
they have been dramatically undersized, given the properties cf the

material that they are designed to convey. Alternatively, a broader
spectrum of conveying capabilities -should have been examined for those
which were most compatible with !he varied properties of nmunicipal



solid waste. No attempt was made to segregate the solid waste

materials by screening in order to determine the relative contribution

of their various size f-actions of solid waste to the spillage problemn.

For example, the dynamics of conveying, as well as wind resistance,

create a situation such as is found in an air classifier; i.e. , the fines

will tend to be scrubbed from the moving conveyor if they are even

minimally exposed to air resistance. A significant portion of the

spillage consisted of fines which are reported as present in large

quantities in most solid waste systems. A comparative definition of

acceptable spillage rate against cost of cleanup might be very useful in

order to determine the level at which a conveyor design is monetarily

accep~table. A scan of conveying technologies for compatibility with

municipal solid waste would be most useful as compared to their

application for other materials (i. e.*, definition of solid waste proper -

ties for conveying purposes and comparison with properties and the

types of conveyors and sizes which have been used). Such an empiri -

cal approach could provide much useful data for future research work.
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DENSIFICATION~~~ OFRFSIkVIDF S: PREPARATION
L IP:-R~T I LS API N f Y,-, ()IXA Nf 'O M T:NIT T

Performing Organization: National Center for Resource Recovery,
Washizzqjton, D.C. 20036

S Ponsor: NM,,nic iLal Fnv~r rmt~erta1 Rese -cli Laboiritorv, Office of
Re sea r ch a oD u ' -''ioierta I

Protection A ,enc\ , ~ ni Ohio 452tK-i

nm n na rv

I1 1. 7e, !ve n~ s. t
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dtnd (ier~i, her Suibsyste-l- wli,!v' , proc! e. -- fuse-derived

reib~ I he 9I'prepair' * )r c f~5* Ie )nv\vors
nd a 1 0 1,-) per hou~r r 1 ~* rs,

i0~f~tmCSe~rt, 10' .! rt , an ii A pre -
-tr'!rm)el .'1 I i s s e io i r! <nz i f tb res nera n The prepared

I .Qht fra, *ionr waxvi :ar s:joc, rcus elc~ and delivered
* n ~ ."-y *.~v-hr'tto, , bin

,wkit - la If inch, 'liening liezs m(I arcied pc jet-s ;t i mixirn-in rate (if
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Lt' and the 7r#-e ren .1i ;,e s, N\*1 t I r. !s v etre



substituted during the operation of the mill which temporarily increased
the rate of throughput from 2.3 tons per hour to 3.5 tons per hour. The
increase was thought to be due to sharper nipping of the material by the
corrugated rolls, which implies that if the material had been further
reduced in size by preshredding, throughput from the mill might have
increased dramatically. Loss of sharp edges in the new rolls occurred
with less than 50 tons of throughput and capacity dropped. Consequently,

the rolls would have to be renewed repeatedly or the feed material modi-
fied in such a way that shearing was not required of the machine. Die
and roller life was projected at 2, 313 tons for dies and 1,211 tons for

rollers. If the ash content of the feedstock were reduced from 25% to
10/c, this life could be doubled to 3, 550 tons. This increased die and

roller life was used to estimate the economic viability of the process,
not the life actually measured in pilot operations.

Pellets prepared from the light fraction with greater than 30%

moisture content tended to be scaly and break apart readily, producing a

large quantity of fines. A correlation between pellet density and fines
content was attempted. Fines concentrations of up to 250%c were
measured after 10 drops of the pellets in an empirical test procedure.

While the pellets were stored outdoors, some oxidation was

observed in the form of smoldering seams. These seams had to be

excavated and quenched with water. Five hundred tons of pellets pro-

duced were thus lost. Additionally, the cause of the oxidation was never
defined. Both extraneous sources of fire, such as cigarettes tossed into
the pile, and spontaneous combustion are possible sources. Aerated
covered storage is suggested as the best method for storing dRDF in
order to promote drying and prevent the addition of moisture either from
the elements or manmade sources.

The economics of the densification process and prior processing

was predicted on the basis of allowable sales price of the fuel product
est.mated at two levels, $I. ;0 per million BTU's and $2. 50 per million

BITU's. Under these conditions and with the other optimistic
assuriptions of equipment life, twu sizes of plants were described as
et,-onncaily feasible. Conclusions concerning the economics of the

process ire difficult t,, evaluate. Total cost of a small facility (i.e.,
Ih tons per hour capability) is protgnosticated at $1, 687, 000 for the front

envi sy vteit and an additional S110, 000 for the densification module. It
sh-,, d be noted, howevyer, that these throughput levels of 20 and 10 tons

per houlr are ver' ,iptinisti( sinc unil one (or two densifiers are

included tnd atlial perf,,rnan e has been two and a half tons per hour
per densitir, iot b t, 10.. 1he vc.rall (apital cost of the small dRDF
L), lit )f $1, 687, 000 appears iu ite reasonable overall. The actual
prido. live (apacity of such a plant rist remain a point of speculation,

since to, date no )iie has been able to operate pellet mills at a reasonable
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rate of pelletization .6fich would allowk for adeqluate repayment of invest-
ni~t. R ~ r '(r n il, tite~2 contractor

has denionstrateo ajri average icapac- ~ I/. tons per hour per pellet

mill.)

Work carr'eco out by itie Na! nt, m y i'rce ;"ec7overy

offers much en1 teu'nmtie t ~oP~iP ~ t sann 73dvnae of
ttei pt~ig~c*'~'-~in

IaC i c h p n o or ener -

a tion att em-pts in) this area.

The atr c L _ tot- t- 7 ' -criv> § )i not
3eAas c 'her ant roa-hect rn' ave 1-mei The re-ader is left in

doubt as to whether d.RDF ;s an ecnm sacjlly via ible -r inviable process.
of- the cave.-tts, A'. I a -, e , E ei'su;- ji( r ca Taicity for

densifiers far beyond that which vas demn ons trated in ,-Ii field, miake
the econornics of the proc-tisfs as isplayud in ihe report h-I.';hlv question-
abie. I r Le r ep))rtL p r v cs 1ma r. L ns I~ I t : into) projleno [ihat -ther
research~ers and -oznnercial v-.ertures in the densified fuels area would
like to n--ypas s. tareluit )4(. L:tins r cpurt ;s *herefOre wA.arranted.



EVALUATION OF dRDF USED AT MILITARY INSTALLATIONS

Performing Organization: Cal Recovery Systems, Inc., Richmond,

California

Sponsor: Department of the Navy, Civil Engineering Laboratory,

Port Hueneme, California

Contract No.

Summary

The purpose of this work was to assess the specifications cur-

rently being used for dRDF, establish the similarities and differences
between fuels that might be fired in a spreader stoker, and assess
current production and firing techniques for dRDF. Recommendations

are offered for an improved set of dRDF specifications and additional
research concerning the production of dRDF at existing pilot plants.

Results. Pellet drying and cooling is recommended in
order to reduce degradation through biological means. Pellet

densities of 65 to 70 pounds per cubic foot and moisture contents of 15%

are described as routinely achievable.

Critical Comments

The report provides valuable data concerning specifications for

dRDF. The research suggested in terms of dRDF production appears

to be add-ons to existing systems and not particularly directed toward
fundamental problems affecting the quality of dRDF. The properties

suggested (i.e., 65 to 70 pounds per cubic foot) must be assumed to
address density of an individual pellet and not bulk densities of pellets

as delivered. Bulk densities of pellets as delivered would probably

never exceed 35 pounds per cubic foot and this would only be achieved
at a bulk density on an individual pellet basis at 70 pounds per cubic

foot. Voids are created in a pile of pellets of uniform size. Screened,
washed coal produces densities of only about 50 pounds per cubic foot as

delivered and this includes a broad spectrum of particle sizes. Given
the results achieved to date by existing producers of dRDF, the specifi-

cations described in the document seem extraordinarily optimistic.

76



FUNDAMENTAL CONSIDERATIONS FOR 1PREPARING DENSIFIED
REFUSE -DERIVED .FU _L

Performing Organization: University of California, Department of

Mechanical Engineering, Berkeley,
( a;.-i or nia 94 .O7

Sponsor: Municipai I nvironmentai ,,:: Lr . .,,ratory, Office of
Research a no D OvtUo or: cnr, O. .7 Yn'i rorc.enta I

7 ; t nr t I\ J. --

TY) . F'1 r"

\ series of ri t and ben(t. ,.'re cc-tri,-,-t iit to exam -

ine tne effects of various parameters ,i toe aensifcathmf of refuse-

deriv-d ful. Ft'rnerinwrn s , ., co ,"if, as V..; e : er in.ents

which incorporated a commercia! .eiiez mill, were dcsr,_r-bed. Back-

ground information concerning data developed by the apricalrural indus-

try pertaining to animal feed peic iizatn was aui i ,.r , h-i the

report. Relationships were ceve' ped which describe the specific

ener gy oi densificatior and ma ss3 t~iow tilrough a mill. Data were also

JeV !ono,
, hat rela ted the cffet of feed -opistiire ,,ntent on pellet

density and feed particle size on pellet production rateb.

Results. Several interesting conclusions were offered.

' a ..., , .or sinc .a ie i; ene re\ req, iired for pelletization if the

-, <,s f :" ,.1 of feedstock aroric the surface of the die was less

:.rin 0102 ,c If 'the size o t the openrin, throuigh which the material was to be

iorced. Another was the draratiL: 'increase in power required if feed

size is larger than the opening through which the material must be forced.

Perhaps the most interesting conclusion offered was the effect of inlet

taper on the die with the die having the greatest taper requiring the least

amount of energy. This suggests that far more work is consumed by

-,:resson nd c -mpaction it !aterial than this study would appear to
e : soe.:fi sinre die experiments.

(,rit~cai (onrne nts

The study offered much valuable data concerning the energy and

-cov- '-reqolured for forining pellets froro refuse -derived feedstocks.

Atdditional k..usL i rr la tt oin:, oe t' cn tikn chira e,'e I-sics - naterial

routinely pelletized, i.e. , feed materials for the agricultural industry,

and the characteristics of refuse would have been extremely beneficial.

Adiitional experiments croncernini the total work required for compacting
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material, i.e., precompacted refuse, should have been included in the

experimental program so that only work required for deformation and

extrusion could have been measured. Upon viewing the structure and

mechanics of pellet mills, one concludes that these devices are designed

primarily to extrude finely divided materials. They are not designed

to be efficient precompaction devices in order to raise the bulk density

of material by an order of magnitude prior to extrusion. Such an

experiment would be extremely useful in determining the role of pellet

mills in the preparation of densified refuse -derived fuel.
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USE OF WASTE OILS TO IMPROVE DENSFIED REFUSE-DERIVED
FU F LS

Performing Organization: National Center for Resource Recovery

Sponsor: U.S .Departme n .,1' re. ,' Assistant Secretary for
Conservation and 5olar Energy, Office of Buildings
and Connunity n ys tIn

L., Lit:... n - , , .r , i y ,

:',ce ; ,,.,,r: er 2 r aat , i,] r' tri otion during

pas.- a ,e of nt rt .las- t . . i :sL. toie, 'Lrabi tliy of the

dRD - b .. . . u " y'i ),- r Fr i -he ,), ,cluded in the

c, ,erta in ma -r ~ rn .a; x n'ts I an-:o.mts were determined by the

pre(2>. in ; a i f hec pe ilet wouldl be
] he r!-; )Z f4, ,I "1,, 2 , 4 < oil O weight was

ueiit~ ao P n .p t Or -i t a ii. * jfiti ul_-d Lii mne ri use prior to
the pelletization operation and pelletizaLtun tents were run at several

levels. In gie,al, the higher the level of oil, the less dense and less
' ,( :' :--- ' , be t st ra ae because of

". cre ,-!Stv tn, ci,;e. ,ar, . water a ;dsorption was in-

-aK r. acclan; c ~uL'nj )11o. This result was
,- ld~ii ,Z.ii ,. .... ,cr O.,n , : *. r r ity pallets easily broke

apart in o th' s c:x p'cs l reat cr 4,ir .ce -irea a i otential moisture

sources.

Critical Comments

I hl. adliito of , til Jur:c ine production process is one approach

to the proauctio: ot mnare .aterproof dRDl pellets; however, oil is a

') -. 1y r '!ci n - a . , waste il in the pelletizing process
does little to create the polymerization of the molecules and increase
the -o)hesiveness ,ff the pellet. The research carried out should have

, , ' '.',. d c hy -, u v, , .Av meriation treatm ent on the pellets.

nt .-,o , . ... a .t . ,'. 'I'AL IJr an .II (,t peilet. with electron

beams to cross link the oil -n-olcuies with other parts of the pellet.

I' h, 1 ni 1mi, n0 ,21 in tie production process should have been
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identified as likely to lead to negative results. Oil is basically a
lubricant; hence, one would suspect that it would reduce the cohesive -
ness of the pellets, not increase it, as experimental results confirmed.
No tests were run using oil as a surface coating; that is, oil could be
sprayed on the pellets after the pellets were formed and cooled or dur -

ing the cooling process, creating a hydrophobic barrier at the surface
of the pellet without perceptibly increasing the oil content of the refuse.
Additional coating materials, such as paraffin, denser grades of fuel
oil, etc. should be examined on an experimental basis in order to
determine whether a surface coating could have improved pellet
resistance to moisture absorption as well as increased pellet stability.
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STUDY ON THE STATE OF THL2. ART OF DIOXIN FROM
(;ON4IBIJSX ; C N S(

Performing Organization: Arthur D. Little, Inc.

>Dns c.r:Eis ~ roM TL i- r Ti1dari 0 anid M1unicipal Wastes,

American Soc-f 1y of Mechanical Engineers

SUiM~ary

I'he onlt;Sc _A Js~ . ';~ :eti ovferajl nrnblern of

examined the basi1c chemistry of ,_ioxin, ncoi procedures for detect -

oi dioxi.ns 7- 7111c az~ni ri, and s 4 - o thie haza:,rd that might be

reitec! by !t-e rtiease ci 0trb )i~\.1 ~xn

Results. Conclusions were offered that indicated that the

eve" 11 i~ r '~~c jis of -OiOiflnw ,-r)mbL'citlon :01)rces

va, extraordinarily iow, rrucni lowAer thian many normal risks encounter -

eri by the _ ,enerall population in crnar- inreln ted a ctiv-lties. This risk
aS j,,StjijiC 1 inT ''OW M ie flcCQj ! , s&ti Iactrin y d',,j( e of the %Axaste

g-ene ratedl by the porwlation.

C(riticali Cc,mnin -its

In view af the rninescuie dioxin levels which have been measured

anid the total lack of data indicatirip any negative effects on the general
q:s ai Lh 1h -rCLta'flt% aec tn fave bcen satisfied. One would

,,mat, siimm .aate has be'o in( inerated for mnaiy Years and no

*.:0.1 ~~ci fen,.t on, an pqpola ion in mnany different areas of the
Vonici has eveir be, d ocunceae, tht, practice is safe.



NUMERICAL SIMULATION OF COMBUSTION AND GASIFICATION
OF WET CARBON AND WET SLUDGE UNDER EQUILIBRIUM AND
ADIABATIC CONDITIONS

Performing Organization: Systems and Economic Analysis Section,
Ultimate Disposal Section, Treatment
Processes Development Branch

Sponsor: U.S. Environmental Protection Agency, Municipal and
Environmental Research Laboratory, Ultimate Disposal
Section, Treatment Processes Branch (Unpublished Report)

S umma ry

The purpose of this work is to develop numerical simulation
techniques to estimate the impact of water on the combustion of carbon
as this might apply to sewage sludge Leing burned in a multiple hearth
incinerator under reducing conditions. The approach is relatively
straightforward and duplicates, to a large degree, work on other types
of fuels burned under the same conditions.

Critical Comments

This work is of significance when considering the cofiring of coal
and dRDF because it impacts on the effect of the moisture content of the
dRDF and the fuel bed. Two salient facts are brought forth in the work.

First, approximately 80% of the heat content of the sludge or
carbon source is retained in the product gases produced by burning
solid fuel in a starved air condition. As a result, the temperature of
the burning bed is substantially lower when relatively wet sludge is
burned than if the sludge were pre -dried. This is of significant
importance in the cofiring of dRDF and coal because it indicates that
fuel bed temperature and clinkering (which is a result of excessive bed
temperatures) or low ash softening points (due to the constituents of the
fuel bed) may be controlled by the presence of moisture as opposed to
the use of excessive uinderfire air. Excessive underfire, in turn,
creates additional burden on the electrostatic precipitators or pollution
control equipment and increases the potential for slagging and
deposition on the boiler tubes.

Second, for completely dry, volatile solids or carbon, 1. 17
moles of molecular oxygen ar, required for combustion. In the
presence of moisture, however, no more than . 415 moles of oxygen
per mole of carbon, or about 351c of the stoichiomietric requirement, is
required. The explanation is that the moisture tends to convert the
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fixed carbon into carbon monoxide under reduced air conditions; the
conbustible gases may ther be burned Above the bed in the presence
of overfire air. Reduced underfire air to reduce einissions appears
feasible due to the presence of moisture in the bed which could bL
contributed by a relatively wet dRDF pellet. The minimum underfire
oxygen required : n a mole bais occurs -it a moisture to fixed carbon
ratio of .45 to 1. This allows tor nmimum underfire air while
obtaining complete cormbustion in the luel bed and, at the same time,
creating a hot gaseous mixture. The hot gaseous rnixture burns
rapidi y w I, ubta ,tia i rad hea v -I,. the Iuei bed and with

jireatlv reduiced particulate fuel loss, I:.LDerirnenta.l invetstieation of
t l , ' ' . "Q. , -Ii )
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